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The Ustilaginee, or Smuts, of Connecticut. 


GENERAL CHARACTERS OF THE SMUTS. 


The Ustilaginez are an order of parasitic fungi commonly 
known as the smuts, of which corn, oat, and onion smuts are 
familiar examples. See Figs. 55, 43, 42. Thus the more evi- 
dent characters of these fungi are the black, dusty masses that 
break out on the surface of the infected plants (hosts). In 
these macroscopic characters the smuts are often very similar 
to the rusts, but with a little experience one can readily dis- 
tinguish them from these even with the naked eye. The dusty 
uredo stage of the rusts, for instance, is of a lighter reddish 
color, and the darker teleuto stage is usually more firmly em- 
bedded in the plant tissues, than are the smuts. Not all of the 
smuts, however, produce dark dusty outbreaks, since the white 
smuts are light colored and usually permanently embedded in 
the tissues of the host. Generally they occur in the leaves, 
and often are distinguished by light colored spots produced 
without distortion of tissues. More experience is needed to 
distinguish these forms. See Figs. 29-34. 

The smuts occur on a great variety of flowering plants, 
and at least 35 different families of plants in North America 
and 17 in Connecticut are subject to their attack. The 
grasses, however, are by far the most frequent hosts. Be- 
tween 500 and 600 species of smuts have been described from 
different parts of the world, and over 200 of these occur in 
North America. The number of species known from this 
state * is 50, and these represent 12 of the 19 genera reported 
from North America. While time no doubt will reveal a few 
more species and a greater number of hosts not reported here, 
we may still consider the group rather thoroughly worked up, 
since, as yet, only one other state has reported a greater num- 
ber of species. 


* The list of smuts reported in this paper is based chiefly on the collections 
made by the writer during the past three seasons. Specimens of these are to be 
found in the herbarium of the Conn. Agr. Exp. Station at New Haven and in the 
writer’s herbarium. Collections made by others are indicated in each case by the 
name of the collector. 


6 CONNECTICUT GEOL. AND NAT. HIST. SURVEY. [Bull. | 


LIFE HISTORY OF THE SMUTS. 


In the study of these fungi, there are three parts that we 
need to consider, namely, the mycelium, the spores, and the 
sori. 

Mycelium is the technical name for the vegetative part of 
the smut, by means of which it spreads through its host and 
gathers nourishment. This consists of microscopic threads 
confined to the interior of the host, so it is necessary to exam- 
ine very thin cross sections of the tissues under the micro- 
scope to see this stage. See Fig. 26. These threads vary but 
little with the different species, and therefore are of no value 
in classifying the different species. They are simple, hyaline, 
more’ or less branched, and at first filled with protoplasmic 
contents, but gradually lose most of their contents and be- 
come septate. They push their way between the cells of 
the host or sometimes through them. Usually, however, they 
enter the cells only by short special branches called haustoria, 
whose special function is to gather nourishment from the cell. 
The mycelium may be localized or, rather generally spread . 
through the host. In those cases where it gains entrance 
through the germinating seed, it usually remains evident fi- 
nally only at the nodes or where it breaks forth to the exterior 
in its fruiting stage. In perennial plants the mycelium often 
becomes established in the perennial parts, from which each 
year it sends threads into the new growth. 

Eventually the mycelium becomes prominent in certain 
regions of the host, and there undergoes special modification 
to give rise to the reproductive or spore stage. The walls of 
the mycelial threads that form the spores are generally indis- 
tinct through more or less complete gelatinization. The 
spores are usually formed from contents in the interior of 
these fertile threads. This gelatinization apparently serves 
to nourish the developing spores, as often all signs of the 
threads disappear on maturity of the spores. In some cases, 
as in the genus Neovossia, Fig. 13, and often in Entyloma, 
however, these threads remain as more or less evident envel- 
opes to the spores. 

Spores are the bodies by which the smuts reproduce them- 
selves. See Figs. 1-20. They are the evident, usually ex- 
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ternal part of the fungus, making up the smutty masses visible 
to the naked eye, and are the characteristic and variable parts 
upon which species are based. The spores are usually so 
formed that at maturity they break out to the exterior of the 
host in a dusty mass that is easily scattered, thus securing 
their dispersal. In some species, however, they are embedded 
in the host so that they are liberated only on the rotting of the 
tissues, and sometimes they germinate in situ, and secure their 
dispersal by the formation of secondary spores of.a different 
nature. While easily seen in mass, the spores are really 
microscopic in size, varying according to species from 4p to 
35u-* They are usually subspherical or spherical, but vary 
to ovoid, ellipsoidal, or even oblong. Pressure often makes 
them more or less polyhedral, or irregularly so. They are 
generally simple, consisting of single separate cells; but are 
sometimes bound more or less permanently into spore balls, 
Figs. 7a, 10a. These spore balls may consist entirely of fer- 
tile cells (spores) or they may have an external coating (cor- 
tex) of sterile cells, Fig. 19, or an internal matrix of sterile 
cells or even of threads, Fig. 20. The spore walls may be 
smooth, or marked with minute spines (echinulations if sharp, 
verruculations if dull), or reticulated with a net-work of 
ridges or wings. In color they are hyaline, yellowish, red- 
dish or olive brown, violet, or purplish. Often the color is 
so deep that the spores are opaque or nearly so. Upon these 
variations the genera and species are chiefly classified, though 
on the whole the variations are not so great as with many 
of the other fungi. This is partly due to the fact that the 
spore-producing threads are not diversified*or permanent. 

In some few species, most frequently in the genus Enty- 
loma, the mycelium also gives rise to secondary spores called 
conidia. These are usually hyaline, elongated, ephemeral, 
and are produced originally on the exterior of the host, gener- 
ally from mycelial tufts protruding through the stomates and 
forming these conidia at their tips. Their object is to spread 
the smut over the host or to new hosts immediately. 

Sori are the evident masses of the spores that break out 
singly or in clusters on the various parts of the hosts. See 


* Au, or micron, is one twenty-five thousandth of an inch. 


8 CONNECTICUT GEOL. AND NAT. HIST. SURVEY. [Bull. 


Figs. 27-55. These are protected more or less permanently 
by thin coverings of plant tissue, or in some genera, as Spha- 
celotheca, and often in Cintractia, by false membranes com- 
posed chiefly of fungous cells or threads, Fig. 5a. The sori 
vary greatly in size, sometimes forming outbreaks smaller 
than a pin-head, and sometimes, as often in corn smut, reach- 
ing several inches in diameter. Usually each species has a 
definite place on its host where the sori appear. This may be 
on the leaves, Fig. 35, on the stems, Fig. 28, in the blossoms 
as a whole, Fig. 54, or confined to the anthers, ovaries, Fig. 52, 
or seeds, Fig. 48. Occasionally a smut may break out in any of 
these places. In the grasses, when infecting the inflorescence, 
the sorus may be confined to the ovary, infest the spikelet as a 
whole, or even involve the entire inflorescence. Sometimes 
all of the ovaries or spikelets are infested and sometimes only 
part of them. The characters of the sori, of course, are modi- 
fied somewhat by the part of the host in which they develop, 
and also by the kind of host on which the smut occurs. 
Usually the sori are dusty and easily dissipated. With a few 
species they are hard, and the agglutinated spore mass is dis- 
seminated by gradual disintegration, often through the ab- 
sorption and loss of water. In these cases there is sometimes 
a gradual ripening of the spores from the outside of the sorus 
inward. With some genera (Entyloma, Doassansia, etc.) the 
sorus is rather permanently embedded in the tissues of the 
host, usually in the leaves, and often produces only a discolora- 
tion of these. The species of one of the European genera 
form gall-like growths in the roots. 

Germination of Spores. There are two chief types of 
germination of the Ustilaginee upon which the two families 
are based. In the Ustilaginacee, Fig. 21, the spores, when 
placed in a drop of water, send out a single, hyaline thread, 
several times their length, which usually divides into about 
four cells by cross partitions, or septa. This is called the 
promycelium. Usually at the apex of each cell one or more 
elongated thin-walled spores, or sporidia, are budded out, the 
apical cell bearing its sporidium terminally and the others lat- 
erally. The sporidia when full-sized are pinched off at the 
base, and others are sent out until the protoplasm of the cell 
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is exhausted. These sporidia germinate by a short slender 
thread (infection thread) that usually pushes out from near 
one end, Fig. 24. In some species the cells of the promyce- 
lium, instead of forming the sporidia, give rise directly to the 
infection threads, Fig. 23. Sometimes the adjacent cells of the 
promycelium become connected by closely applied short 
threads, forming buckle or knee joints, and from these may 
develop infection threads. Some species germinate directly 
into elongated threads which scarcely partake of the nature of 
a promycelium. When nutrient is added to the drop of 
water, the spores germinate much more luxuriantly, the spor- 
idia usually sprouting out other sporidia while still attached 
to the promycelium. Especially in a solid cultural medium 
these chains develop a more or less complicated system of 
branching, Fig. 25. In a liquid solution, the sporidia usually 
soon fall off from the promyceliurn, but continue to multiply 
by the yeast fashions of budding new sporidia, which soon sep- 
arate and develop others, until the nourishment is exhausted. 
Then the sporidia may develop infection threads. 

The second chief type of germination is shown by the spe- 
cies of Tilletiacee, Fig. 22. The simple or septate promyce- 
lium in this case bears all of the elongated sporidia in a terminal 
cluster. Sometimes these primary sporidia develop terminal 
secondary sporidia. With some species the sporidia, before 
or after falling off from the promycelium, become yoked in 
pairs by short connecting threads. In nutrient solutions some 
of the species develop finally a complicated mycelium that 
bears numerous aérial sporidia or conidia quite different from 
the normal type produced in water. The conidia develop in- 
fection threads on germination. 

Infection of Host. The host is entered by the fine infec-. 
tion threads of the promycelia or the sporidia boring through 
its tissues into the interior. Once inside, these develop the 
mycelium of which we have already spoken. Many of the 
smuts infect their host only through the young hypocotyl or 
epicotyl of the seedling. In these cases the smut usually can 
not gain successful entrance after the plants appear above 
ground. Once inside, the mycelium rapidly penetrates the 
young tissues, seeking to gain access to the growing tip, where 
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it then follows the upward growth of the plant, often not giv- - 
ing evidence of its presence until it breaks out in its spore 
stage in the fruiting organs of the host two or three months 
later. This is the case with the oat smuts, wheat and barley 
smuts, and the grain smut of broom-corn. In this latter case 
the mycelium has traveled upward through six to ten feet of 
the cane. In other species infection may take place through - 
any very young tissue of the host upon which the germs may 
be blown or washed into contact. This is the case with corn, 
and the corn smut appears soon after infection in its smutty 
outbreaks, the mycelium usually remaining localized. With 
the Entylomas the infection is largely confined to the leaves, 
and apparently the mycelium is limited to the vicinity of the 
sorus. 


ECONOMIC IMPORTANCE. 


Injury. While most of the smuts occur on plants of no 
economic importance, there are at least twenty-five species in 
America that do more or less injury to cultivated plants. Some 
of these cause such serious injury that they are counted among 
the worst species of parasitic fungi. It is with the cereals that 
the smuts do most damage. Wheat, oats, barley, rye, and corn 
are all subject to attacks from one or more species. With the 
first three hosts the smuts break out in the inflorescence, en- 
tirely preventing the formation of the seed. It thus becomes 
an easy matter to determine rather accurately the per cent. of 
loss in fields of these grains by counting the number of smutted 
and of free heads in a given area. Oat smut, for instance, in 
our. central states generally claims from one to fifteen per 
cent. of the grain, and in some few fields as high as thirty or 
forty per cent. has been destroyed. In Illinois there is perhaps 
an average loss per'year of one million dollars worth of oats, 
caused by the two smuts of this plant. In Indiana Arthur 
found one field of wheat where fifty per cent. of the grain was 
destroyed by the stinking smut. In the northwestern states, 
in the wheat districts, the loss caused by this latter smut is 
very great, as it is one of their worst fungous pests. When 
abundant it renders the grain inferior for milling purposes, as 
the spores may be so numerous in the flour that they darken 
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it. In South Carolina during recent years a smut of rice has 
been introduced from Japan, and causes some loss to this crop. 
In the eastern states where onions are raised extensively, the 
onion smut often does considerable injury. In this case the 
smut becomes established in the soil and often prevents profit- 
able onion culture on this land. Corn smut is common every- 
where, and especially on sweet corn causes considerable injury. 
In Connecticut the most injurious smuts, from an economic 
standpoint, are those of onion, corn, barley, and oats. 
Prevention. With those plants where infection takes place 
through the germinating seed, the danger usually comes from 
the spores that mechanically adhere to the seed. It has been 
found that, if these are killed, the crop from this seed will be 
free from smut. Investigations have shown that certain treat- 
ment of the grain with chemical solutions or with hot water 
will kill the spores with little or no injury to the seed. For 
instance, it has long been known that soaking the seed of wheat 
in a solution of copper sulphate of a certain strength for a cer- 
tain time serves to prevent or Jessen the amount of stinking 
smut in the crop. Later it was found that ‘soaking the seed 
for ten or fifteen minutes in hot water at a temperature of 
132° to 135° F. was a more efficient remedy, since there was 
less likelihood of injury to the seed. More recently still came 
the less cumbersome practice of sprinkling piles of the grain 
with formalin, one pint to fifty gallons of water, stirring the 
grain to thoroughly wet it, and leaving it in piles or in bags 
over night for the fumes to act on the spores. The smuts of 
oats, the covered smut of barley, the stinking smut of wheat, 
the grain smut of sorghum and broom-corn, and the grain smut 
of millet, have all yielded to seed treatment. The loose smuts 
of wheat and barley can be prevented or lessened by a severer 
method of the hot water treatment (in which a preliminary 
soaking of several hours in cold water precedes the hot water 
treatment), but this also injures the seed more or less, so that 
a greater quantity per acre must be sown. Corn smut can not 
be prevented by seed treatment, as the smut gains entrance 
through any young tissue of the host. Some experimenters 
have advocated the removal of the smut-balls as soon as they 
appear. It is known that the fungus develops aérial conidia 
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in manure, and so fresh manure applied to corn land is apt to 
increase the amount of smut. With onion smut we have a 
case where the seedlings while coming through the soil are in- 
fected by the smut established there through a previous 
smutted crop. . Onions raised from sets in this land are little. 
infected. Some success has been had in preventing this smut 
by treating the soil with a mixture of lime and sulphur, drilled 
into it at time of seeding. 


SYSTEMATIC TREATMENT OF CONNECTICUT 
SPECIES. 


The order Ustilaginee is divided into two families, based 
chiefly on the method of spore germination. They are the 
Ustilaginacee (represented in this state by the genera Cintrac- 
tia, Schizonella, Sorosporium, Sphacelotheca, Tolyposporium, 
Ustilago), and the Tilletiacee (represented by Doassansia, 
Entyloma, Neovossia, Tilletia, Tracya, Urocystis). 


Key to Genera. 


I. Spores simple. 
A. Usually forming a dusty sorus at maturity (see also 
IB and IJJAza). 
1. Large, usually 16-35. 
a. With an elongated hyaline ees sauce 
Neovossia. 
b. Without a conspicuous appendage. Tilletia. 
2. Small to medium, usually 5-18. 
a. Sorus covered with a false membrane of 


definite fungous cells..... Sphacelotheca. 

b. Protecting membrane of plant tissue only 
(sometimes with gelatinized hyphe)...... 

Ustilago. 

B. More or less firmly agglutinated at maturity....... 
Cintractia. 

C. Permanently imbedded in leaves, praducing dis- 
COlMG. SNES aacsudbedueusesnaueeens Entyloma, 


II. Spores chiefly in pairs, forming an agglutinated sorus. 
Ss rhizomella, 
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ITI. Spores in more or less permanent balls. 
A. Forming a dusty or granular sorus at maturity. 
I. Spore balls consisting only of spores. 
a. Often evanescent (Ustilago-like spores)... 


Sorosporium. 

b. Quite permanent, adhering by folds of spore 
Oats se csvseeensew sewn Tolyposporium. 

2. Spore balls with a cortex of sterile cells...... 
Urocystis. 


B. Permanently embedded in the plant tissues. 
1. Spore balls with a definite cortex of sterile cells 


Doassansia. 
2. Spore balls without cortex but with sterile 
threads in center ................ Tracya. 


USTILAGINACEZ §Schrot. 


The sori usually form exposed, dusty, or agglutinated 
spore masses. Germination is by means of a septate pro- 
mycelium, which usually gives rise to terminal and lateral 
sporidia (capable of yeast-like multiplication in nutrient solu- 
tions), or else to infection threads. Figs. 21, 23-25. 


Ustilago Rouss. 


The sori occur on various parts of the host, according to 
the species, and at maturity form dusty, usually dark colored 
spore masses. The spores are single, separate, of small to 
medium size (5-18), and are produced irregularly in fertile 
threads that entirely disappear through gelatinization at ma- 
turity. Figs. 1-4, 43-55. : 

This is the most common and the typical genus of the 
smuts. Saccardo, in his Sylloge Fungorum, describes about 
250 species for the world: 72 species occur in North America 
and 18 in Connecticut. A number of the species possess eco- 
nomic importance as parasites of the cereals. 


Key to Species of Ustilago. 


I. Spores olive or reddish brown. 
A. Spores smooth. 
1. Sori in leaves forming linear strie.......... ‘ 


U. longissima. 


14 CONNECTICUT GEOL. AND NAT. HIST. suRVEY. [Bull. 


2. Sori in spikelets, ovoid. 
a. Spores usually lighter colored on one side, 
5-Op. 
* Spikelets entirely destroyed. ..U. Hordei. 
%* Spikelets smutted only at base. .U. levis. 
b. Spores uniformly colored, 8-IIp.....-.++- 
U. Crameri. 
B. Spores echinulate or verruculose. 
1. Sorus in each spikelet, distinct. 
a. Spores usually lighter colored on one side, 
5-9r- 
* Host Arrhenatherum avenaceum (Oat 
(GEASS). geacesgr sic: sioveraiainsae aise U. perennans. 
** Host Avena sativa (Oats)...U. Avene. 
“ek Host Hordeum vulgare (Barley)..... 
U. nuda. 
b. Spores uniformly colored, 10-14p.......+- 
U. Panici-glauci. 
2. Sorus involving the entire panicle............ 
U. Rabenhorstiana. 
3. Sori in the ovaries. 
a. Smooth.and inconspicuous, 1-2 mm. 


* Spores echinulate ...... U. spermophora. 
*k Spores verruculose ....... U. Eriocault, 
b. Hispid and conspicuous, 4-Io mm........ 


U. spherogena. 
4. Sori in leaves (rarely on stem). 

a. Forming nodular swellings, often at nodes 
U. Crus-galli. 
b. Forming linear striz in the blades........ 
U. strieformis. 
5. Sori breaking out on any part of host, often 
NATE: ssisriccs terrasse eratorsteuie sages U. Zee. 
II. Spores golden brown, verrucose; sori in seeds......... 
U. Oxalidis. 

III. Spores violet or purplish, reticulate, sori in flowers. 
1. Reticulations rather fine, 1-3n....U. anomala. 
2. Reticulations rather coarse, 2-4u.U. utriculosa. 
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Ustilago longissima (Sow.) Tul. Fig. 1. The sori form 
more or less distinct, linear strie from a féw mm. to length of 
leaf; the epidermal covering soon ruptures, and the dark 
reddish brown spore mass becomes scattered from the more or 
less shredded tissues. The spores are light brown, oblong, or 
more commonly ellipsoidal to spherical, smooth (or sometimes 
scarcely granular under an immersion lens), 4-8» in length. 

Host and Distr.: Glyceria grandis, Shaker Station, June 
29, 1903. 

This species undoubtedly has a wider Wistribution than in- 
dicated above. 

Ustilago Hordei (Pers.) Kell. & Sw. Fig. 46. The 
sori occur in every spikelet, forming an ovate, adhering, purple- 
black spore mass, 6-10 mm. in length, and rather permanently 
covered by the thin, usually transparent plant tissue. The 
spores are reddish brown, slightly lighter colored on one side; 
chiefly subspherical or spherical, smooth, and 5-ou, rarely 
(most elongated) 9-11p, in length. 

Host and Distr.: Hordeum vulgare, Whitneyville, Sept. 
24, 1902. 

This covered smut of barley is not nearly so common in 
this state as is the loose smut of the same host. 

Ustilago levis (Kell. & Sw.) Magn. Fig. 45. The sori 
usually occur in all of the spikelets, are more or less hidden by 
the enveloping glumes (which may be infected only at their 
base or in the interior), and form rather permanent, black- 
brown, semi-agglutinated, ovate spore masses 6-10 mm. in 
length. The spores are reddish brown, slightly lighter col- 
ored on one side, chiefly subspherical or spherical, smooth, 
5-9m, rarely (most elongated) 11, in length. 

Host and Distr.: Avena sativa, New Haven, July Io, 
July 28, 1902. 

This hidden smut of oats is not so common in our oat fields 
as is the loose smut, U. Avene. 

Ustilago Crameri Korn. Fig. 44. The sori occur in all 
of the spikelets of the spike, destroying especially the inner 
and basal parts, and form ovate dusty brown spore masses 
2-4 mm. in length. The spores are reddish brown, ovoid to 
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subspherical, or occasionally more elongated or irregular,’ 
smooth, often with pitted contents, and 8-11p in length. 

Host and Distr.: Setaria Italica, New Haven, Sept. 11,. 
1903. 

So far this species has been found in this state only once, | 
in a small plot of Hungarian grass grown at the Experiment : 
Station. In some of the central and western states it some-* 
times causes considerable injury to its host. It can be pre- 
vented by seed treatment with hot water, formalin, etc. 

Ustilago perennans Rostr. The sori occupy all of the. 
spikelets, usually destroying the basal and inner parts (some/ 
times even running down slightly on the pedicles) ; they are 
oblong, 3-8 mm. in length, and have a somewhat protected | 
semi-dusty olive brown spore mass. The spores are chiefly 
subspherical or spherical, occasionally ellipsoidal to ovate, 

‘usually lighter colored on one side, minutely echinulate, espe- : 
cially on lighter side, and 5-8 in length. 

Host and Distr.: Arrhenatherum avenaceum, South Man- 
chester (Thaxter). 

This is closely related to the oat smuts. Its mycelium be-- 
comes perennial in the underground parts of the host, and so 
smuts the infested plants year after year. 

Ustilago Avene (Pers.) Jens. Figs. 23, 43. The sori 
appear in all of the spikelets, completely destroying all the 
floral parts, except a very temporary transparent covering 
membrane; eventually the olive brown dusty spore mass be- 
comes dissipated, leaving behind only the naked pedicles. The 
spores are reddish brown, lighter colored on one side, sub- 
spherical to spherical, or occasionally more elongated, mi- 
nutely echinulate, especially on the lighter side, and chiefly 
5-9 in length. 

Host and Distr.: Avena sativa, New Haven, July 8, 
July 28, Aug. 17, 1902, Aug. 9, 1903; West Cornwall, July 18, 
1902; Westville, July 7, 1903; West Haven, July 22, 1903. 

This is a common pest in the oat fields of the state, though 
the per cent. of infected plants is smaller than in the central 
and western states. It yields to seed treatment. 

Ustilago nuda (Jens.) Kell. & Sw. Fig. 47. The sori 
infest all of the spikelets, changing each into an olive brown,: 
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oblong, dusty spore mass about 6-10 mm. in length; this is very 
temporarily protected by a thin transparent membrane, and 
upon dispersal of the spores nothing remains but the naked 
rhachis. The spores are lighter colored on one side, sub- 
spherical to spherical, or occasionally more elongated, minutely 
echinulate, especially on the lighter side, and chiefly 5-9» in 
length. 

Host and Distr.: Hordeum vulgare, Storrs, 1901; New 
Haven, July 8, 1902, June 15, 1904; Whitneyville, Sept. 24, 
1902; Westville, July 7, 1903. 

This is the loose smut of barley, and is rather common in 
the fields of this crop. The smuts of barley, oats, and oat 
grass, as will be seen by the descriptions, are very similar, in 
fact were not long ago considered one species. It requires 
the modified form of the hot-water treatment to prevent the 
loose smut of barley. 

Ustilago Panici-glauci (Wallr.) Wint. Fig. 49. The 
sori occur in all of the spikelets, are ovate, 2-3 mm. in length, 
and at first protected by thin transparent glumes, but soon rup- 
ture these, and scatter the dusty black-brown spore mass. The 
spores are dark reddish brown, ovoid, spherical or sometimes 
more elongated, prominently and abundantly echinulate, and 
10-14 in length. 

Host and Distr.: Setaria glauca, Southington, Aug. 8,’ 
1902; Bridgeport, Sept. 15, 1902; Berlin, Oct. 3, 1902; Glas- 
tonbury, Oct. 23, 1902; Andover, Sept. 15, 1903; New Canaan, 
Sept. 29, 1903; Manchester, Oct. 2, 1903. 

Throughout the United States this is a common smut on 
the yellow fox-tail grass, though it does not occur on the 
green fox-tail. ‘ . 

Ustilago Rabenhorstiana Kithn. Fig. 50. The sorus 
involves the entire inflorescence, changing it into a linear or 
oblong body, 3-5 cm. in length, which is usually hidden by 
the enveloping leaf sheath; it is covered for a short time by a 
very fragile transparent plant membrane, and within the dusty 
brown-black spore mass are often elongated remains of the 
plant tissues. The spores are reddish or olive brown, ovoid 
to spherical, or occasionally slightly angled, echinulate to ver- 
ruculose, and 10-14m in length. 

2 
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Host and Distr.: Panicum sanguinale, Centreville, Aug. 
10, Sept. 1, 1902; Unionville, Aug. 26, 1902; New Haven, 
Sept., 1902, Oct. 5, 1904; Westville, Aug. 25, 1903; Monto- 
wese, Sept. 14, 1903; New Canaan, Sept. 29, 1903. 

This is one of the common grass smuts here as elsewhere, 
and is to be looked for in the fall of the year. 

Ustilago spermophora B. & C. Fig. 52. The brown- 
black dusty sori occur in the ovaries, infesting one here and 
there; they show as small ovate bodies, about 2 mm. in length, 
extending between the spreading glumes, and are at first pro- 
tected by a thin ovary membrane at the apex of which are the 
remains of the styles. The spores are light brown, ovoid to 
subspherical, usually prominently echinulate, and 8-11, or 
occasionally 134 in length. 

Host and Distr.: Eragrostis major, New Haven, Oct. 31, 
1902; Westville, Oct. 17, 1903. 

The sori usually occur in only a few of the ovaries, and 
are so inconspicuous that the smut is easily overlooked. Fig. 
52 shows isolated spikelets of the grass with a single sorus in 
each. 

Ustilago Eriocauli (Mass.) Clint. The sori occur in the 
ovaries, scarcely showing between the glumes as slightly 
swollen ovoid bodies about 1 mm. in length; a thin membrane 
protects the rather firm, at first semi-agglutinated, but finally 
dusty, olive-black spore mass. The spores are polyhedral, sub- 
spherical, or occasionally more elongated, rather prominently 
verruculose, and 9-15 in length. 

Host and Distr.: Eriocaulon septangulare, Whitneyville, 
Sept. 21, 1902. 

It requires very close examination to detect the flower heads 
containing this inconspicuous smut, since they resemble the 
normal ones. The smut should be searched for in the fall. 

Ustilago sphzrogena Burr. Fig. 53. The sori occupy 
the ovaries, forming ovate bodies, 4-10 mm. in length, which 
are covered by a tough hispid plant membrane that ruptures 
irregularly from the apex, disclosing at first an agglutinated, 
but finally a dusty, olive brown spore mass. The spores are 


ovoid to subspherical, prominently and sharply echinulate, and 
9-12 in length. 
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Host and Distr.: Panicum Crus-galli, Conn. (Setchell) ; 
Savin Rock, Sept. 14, 1902; Westville, Sept. 12, 1902. 

This species and the next are very closely related, and oc- 
cur on the same host, but are rarely, if ever, found together. 

Fig. 53 shows a portion of the flower panicle with a single un- 
usually large sorus. 

Ustilago Crus-galli Tr. & Earle. The sori form nodules 
often encircling the leaf node, or more rarely occur in place 
of inflorescence, infecting both leaves and stem; they are one 
to several cm. in diameter and protected by a tough hispid 
plant membrane, which on rupture discloses an olive brown 
spore mass. The spores are reddish brown, ovoid to spherical, 
occasionally more elongated, rather bluntly echinulate or even 
verruculose, and 10-14 in length. 

Host and Distr.: Panicum Crus-galli, New Haven, Sept. 
II, 1903. 

Only a single specimen of this smut was found on a culti- 
vated variety of this barn-yard grass grown at the Experiment 
Station. 

Ustilago strizformis (West.) Niessl. Fig. 51. The 
sori occur in the leaves, rarely in the inflorescence, forming 
short linear striz, or by terminal fusion reaching several cm. 
in length, and laterally are often so crowded as to cover most 
of the leaf; at first they are covered by the epidermis, but this 
soon ruptures, and the dusty brown-black spore masses be- 
come scattered from the shredded tissues. The spores are red- 
dish brown, vary from ellipsoidal to spherical, or occasionally 
irregular, are prominently echinulate, and 9-14» in length. 

Hosts and Distr.: Agrostis alba var. vulgaris, Whitney- 
ville, July 20, 1902, May 9, 1903; Centreville, June 12, 1904; 
Phleum pratense, Whitneyville, Bae 9, 1903; New Haven, 
May 16, 1903. 

Both of these hosts are economic eae grown for pasture 
or hay, but so far the smut has been found on them in this state 
only in door yards. Fig. 51 shows the leaves of Agrostis alba 
var. vulgaris shredded by this fungus. 

Ustilago Zez (Beckm.) Ung. Figs. 2, 55. The sori 
break out on any part of the host, often forming prominent 
smut balls, though these vary from a few mm. to over a dem. 
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in diameter, and also vary in shape according to the part at- 
tacked; the brownish black spore mass is at first covered with 
a whitish membrane, composed largely of semi-gelatinized fun- 
gous threads. The spores are ellipsoidal to spherical, occa- 
sionally irregular, prominently echinulate, and 8-11, rarely 
even I5y, in length. 

Hosts and Distr.: Euchlena luxurians, New Haven, Sept. 
II, 1903; Zea Mays, New Haven (Sturgis), Aug. 18, 1901 
(Rorer) ; Southington, July 17, 1902; Westville, Aug. 14, Sept. . 
2, 1902, June 28, 1904; Hartford, Oct. 20, 1902; New Canaan, 
Sept. 29, 1903. 

Corn smut is common on both the sweet and field varieties, 
though in this state the former is more subject to its attacks. 
Seed treatment will not prevent the smut, as it can gain en- 
trance to its host through any exposed young tissue. The 
first host given is teosinte, a plant that is closely related to 
corn. Fig. 55 shows smutted staminate blossoms of corn re- 
duced to one-half size. 

Ustilago Oxalidis Ell. & Tr. Figs. 3, 48. The incon- 
spictious sori are found in the seeds, all or part of these being 
changed into reddish brown dusty spore masses, that show to 
the exterior only on the dehiscence of the otherwise little modi- 
fied ovaries. The spores are golden yellow, ovoid to spherical, 
or rarely more elongated or irregular, coarsely verrucose, and 
13-20 in length. 

Host and Distr.: Ovalis stricta, Yalesville, July, 1902; 
West Cornwall, July 18, 1902; New Haven, July, 1902; Whit- 
neyville, Oct. 18, 1902, Sept. 9, 1903; Manchester, Oct. 2, 1903. 

An inconspicuous conidial stage is also produced on the 
surface of the anthers of the infected flowers. These temporary 
spores are thin-walled and ovoid to subspherical. They are so 
placed that they are probably carried from the flowers by in- 
sects, as are pollen grains. Fig. 48 shows two ovaries in which 
all of the seeds have been changed into smutty bodies. 

Ustilago anomala Kze. The sori occur in the essential 
organs of all the flowers, the floral envelopes forming a cov- 
ering to the dusty, purplish spore mass. The spores are light 
violet, ovoid to spherical, occasionally somewhat irregular, 
provided with rather fine winged reticulations (1-34 wide by 
Iu deep), and 10-15, rarely 17p, in length. 
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Hosts and Distr.: Polygonum Convolvulus (?), Mt. Car- 
mel, May 8, 1904 (last year’s flowers); Polygonum dume- 
torum var. scandens; Montowese, Sept. 14, 1903; New Canaan, 
Sept. 29, 1903. 

This species is closely related to the next, but differs in 
having usually lighter colored and somewhat larger spores, 
with finer reticulations. 

Ustilago utriculosa (Nees.) Tul. Figs. 4, 21, 54. The 
sori destroy the essential organs of all of the flowers, and form 
ovate, dusty, purplish spore masses 3-4 mm. in length, pro- 
tected at first by the floral envelopes. The spores are violet 
or purplish, chiefly subspherical or spherical, provided with 
rather coarse, winged reticulations (2-4 wide by about 1.5 
deep), and chiefly 9-14 in diameter. 

Hosts and Distr.: Polygonum Hydropiper, Montowese, 
Sept. 20, 1902; Polygonum hydropiperoides, Whitneyville, July 
24, 1902; Polygonum lapathifolium, Westville, Sept. 2, 1902; 
Polygonum Pennsylvanicum, Westville, Sept. 2, 1902; Ham- 
den, Sept. 11, 1902; Hartford, Oct. 20, 1902; Glastonbury, 
Oct. 23, 1902; Yalesville, Sept. 11, 1903, Oct. 14, 1904; Monto- 
wese, Sept. 14, 1903; New Canaan, Sept. 29, 1903; Manches- 
ter, Oct.-2, 1903; Green’s Farms, Sept. 30, 1904. 

This is one of the most common smuts of the state, espe- 
cially on the last host. 


Sphacelotheca DeBy. 


The sori are usually found in the inflorescence (often con- 
fined to the ovaries), are provided with a false membrane of 
fungous cells that soon ruptures, disclosing a dusty spore mass 
and a central columella composed chiefly of plant tissues. The 
false membrane is formed largely or entirely of definite sterile 
fungous cells which are hyaline or slightly tinted, and vary 
in shape from linear to subspherical or cuboidal, and in size 
from less than to larger than the spores. The spores are like 
those of Ustilago, simple, free, usually reddish brown, and of 
small to medium size. Figs. 5, 6, 37, 38. 

Very often groups of the sterile subspherical cells are scat- 
tered through the spore mass. The columella is usually the 
remains of the woody plant tissues, and often protrudes above 
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the spore mass as the latter wears away. See Fig. 37. This 
genus has not been thoroughly worked up for the whole world, 
and so a number of the species belonging under it are now in- 
cluded under Ustilago. Only two of the 16 species occurring 
in North America are of economic importance. So far only 
two species have been found in Connecticut. 


Key to Species of Sphacelotheca. 
I, Spores olive brown, smooth............+++.. S. Sorghi. 


II. Spores purplish, verruculose.......... S. Hydropiperis. : 


Sphacelotheca Sorghi (Lk.) Clint. Figs. 5, 24, 26, 38. 
The sori occur in the ovaries, forming oblong or ovate bodies 
usually 3-8 mm. in length, or rarely fusing the aborted spike- 
lets into longer forms. The brownish false membrane wears 
away from the apex, revealing the olive brown spore mass and 
finally the evident slender columella. The sterile cells of the 
membrane easily break up into groups, and are hyaline, oblong 


to subspherical, and chiefly 7-18 in length. The olive brown. 


spores are subspherical or spherical, smooth, often have pitted 
contents, and are 5.5-8.5 in diameter. 

Hosts and Distr.: Sorghum vulgare var. sorghum, New 
Haven, Sept. 30, 1903; Sorghum vulgare var. technicum, New 
Haven, Sept. 20, 1901 (Rorer), Sept. 11, 1903. 

This species was found on both sorghum and broom-corn 
grown at the Experiment Station. So far as I can learn, 
neither of these plants is grown commercially in the state, so 
the smut is of no economic importance here, though further 
west it often does considerable injury to these plants. 

Sphacelotheca Hydropiperis (Schum.) DeBy. Figs. 6, 
37. The sori are found in the ovaries, forming oblong or 
ovate bodies 3-5 mm. in length; with the false membrane de- 
hiscing at the apex, and revealing the purple-black spore mass 
and finally the slender columella. The sterile cells, besides 
forming the false membrane, constitute part of the columella; 
they easily separate, are hyaline or slightly violet tinted, chiefly 
subspherical, and 6-17 in length. The spores are purplish, 
Broadly oblong or ovate to (chiefly) subspherical, very mi- 
nutely but abundantly verruculose and 10-1 7» in length. 

Hosts and Distr.: Polygonum acre, Green’s Farms, Sept. 
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30, 1904; Polygonum sagittatum, Westville, Sept. 2, 1902, 
Sept. 14, 1903 (Britton); Oct. 4, 1904; Montowese, Sept. 20, 
1902; Whitneyville, Sept. 21, 1902; Centreville, Sept. 27, 1902; 
New Canaan, Oct. 9, 1902 (Britton), Sept. 11, 1903; Yales- 
ville, Sept. 11, 1903; Andover, Sept. 15, 1903; Cheshire, Oct. 
25, 1903. 

This is another of the common smuts of the state, especially 
on the arrow-leaf Polygonum, and is found in the fall. It is 
the only purple-spored species of the genus, of which it is the 
type, however. Fig. 37 shows the smut on Polygonum acre, 
several of the sori exposing the slender central columella. 


Cintractia Cornu. 


The sori occur on various parts of the host, but most com- 
monly in the ovaries; at maturity they form a firmly aggluti- 
nated, or more rarely a dusty, spore mass, which usually is pro- 
tected at first by a false membrane of sterile threads or indefi- 
nite cells. The single spores develop centripetally around a 
central axis, the outermost wearing off as they ripen; they are 
usually of medium to large size, and of a dark reddish black 
: color, often opaque. Figs. 8, 27, 28. 

The species of this genus occur on the Cyperacez, or occa- 
sionally on related families. So far 17 species have been de- 
scribed, 13 occurring in North America, and 4 in Connecticut. 
None of the species are of economic importance. 


Key to Species of Cintractia, 
I. Sori dusty at maturity, concealed by the glumes. 


A. Spores usually irregular polyhedral...... C. Cyperi. 
B. Spores usually ovoid to spherical (often with hya- 
liné Wines.) wap anid ian re nee ea C. Montagnei. 

II. Sori firmly agglutinated at maturity. 
A. Subspherical, in ovaries................ C. Caricis. 
B. Oblong to linear, surrounding base of pedicles..... 
CC. Junci. 


Cintractia Cyperi Clint. The sori occur in the interior 
of the spikelets, infecting all of the head, and are hidden by 
the enveloping glumes until finally the dusty spore mass sheds 
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out on their exterior. The spores are reddish brown, oblong 
to polyhedral, chiefly irregular, smooth, but often showing 
darker lines on surface due to pressure of spore mass, and 12- 
18u, or (most elongated) even 22, in length. 

Host and Distr.: Cyperus filiculmis, North Haven, July 
26, 1902; Montowese, Sept. 14, 1903. 

This species was described originally from this state by the 
writer, having been found not uncommon on the sand plains 
near North Haven and Montowese. The affected plants look 
very much like those free from the smut, but can usually be 
detected by the darker aspect of the spikelets, which in this 
sedge are clustered into heads. 

Cintractia Montagnei (Tul.) Magn. The sori occur 
hidden in the ovaries, forming inconspicuous, oblong to sub- 
spherical, usually dusty spore masses. The spores are brown 
or brownish black, often compressed laterally, and so appear- 
ing ovoid to subspherical or occasionally more irregular and 
angled, smooth but minutely pitted, and 12-19, chiefly 13-16y, 
in length; they are very often provided with conspicuous, hya- 
line, wing-like bladders on either side. 

Host and Distr.: Rhynchospora alba, Berlin, Sept. 3, 
1902; Cheshire, Oct. 25, 1903. 

This is another smut readily overlooked, because the in- 
conspicuous sori are hidden by the floral bracts. 

Cintractia Caricis (Pers.) Magn. Figs. 8,27. The sori 
form subspherical bodies about 3-4 mm. in diameter in the 
ovaries; at first the sorus is protected by a white membrane 
of sterile fungous tissue, but this soon wears off, revealing the 
black, firmly agglutinated spore mass, the spores of which 
gradually ripen and wear off toward the interior. ~ The spores 
are black-brown, subopaque, chiefly irregular polyhedral, or 
occasionally ovoid to subspherical, smooth or pitted to gran- 
ular or even papillate, and 16-27y, chiefly 18-22y, in length. 

Host and Distr.: Carex Penysylvanica, Rainbow, June 6, 
1903; East Hartford, June 1, 1904 (Weatherby). 

This variable smut has been reported on a large number of 
Carex species in North America, but the above is the one upon 
which it commonly occurs. The illustration shows it in the 
ovaries at the base of the staminate spikelet of this host. 
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Cintractia Junci (Schw.) Trel. Fig. 28. The sori are 
linear, usually surrounding the pedicles or peduncles for half 
or more of their lower length, occasionally developing in the 
basal parts of the flowers; they form a black, rather firmly ag- 
glutinated spore mass. The spores are black-brown, sub- 
opaque, oblorig to irregular polyhedral or subspherical, very 
minutely pitted, and 14-22» in length. . 

Host and Distr.: Juncus tenuis, Westville, June, 1891 
(Thaxter) ; Milford, June 26, 1894 (Sturgis), July 27, 1902; 
Whitneyville, June 20, 1902. 

This was one of the first smuts reported from North Amer- 
ica, having ‘been described by Schweinitz from Carolina in 
1834. The figure shows one of the peduncles smutted for half 
its length. 


* Schizonella Schrot. 


The sori form black agglutinated spore masses in the 
leaves. The spores are united in pairs (formed by internal 
division of a mother cell), and often become laxly connected 
by their bulging contiguous surfaces, or even entirely separ- 
ated; they are of reddish brown color and of small or medium 
size. Figs. 9, 35. 

Only one species, with a variety, is known for this genus, 
but it has a wide distribution on various species of Care-x. 
In North America it has been found chiefly on Carex Pennsyl- 
vanica, its host in this state. 

Schizonella melanogramma (DC.) Schrét. Figs. 9, 35. 
The sori form black, agglutinated, linear, elevated striz, I or 
2 mm. long, or, by terminal fusion, of considerable length, 
chiefly on the upper sides of the leaves. The spores are dark 
reddish brown, often with the cells entirely or partially sep- 
arated by the bulging out of their contiguous surfaces, chiefly 
ellipsoidal to hemispherical, or, when separated entirely, poly- 
hedral or subspherical, and 8-12» in length. 

Host and Distr.: Carex Pennsylvanica, Westville, July 
12, 1902; Whitneyville, May 4, 1903. 

This is a species found chiefly in the spring; it probably 
has a much wider distribution than indicated here. 
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Sorosporium Rud. 


The sori occur in various parts of the host, forming dusty 
dark colored spore masses like Ustilago. The medium-sized 
spore balls are composed of numerous spores, often so loosely , 
held together that in time they separate entirely. The spores 
are like those of Ustilago, simple, olive to reddish brown, and 
of medium size. Figs. 7, 36. 

When the spore balls become separated into the individual » 
spores, it is difficult to distinguish the species from Ustilago. 
The number of species described by Saccardo is over 30, but 
some of these probably belong under other genera. For | 
North America 9 species are now known, and 2 or 3 of these 
occur in Connecticut. 


Key to Species of Sorosporium. 


I. Sori in ovaries, 1-2 cm. in length; spores 8-12p........ 
S. Everhart. 

II. Sori involving the entire infloresence usually. 
A. Sorus 1-5 cm.; spores 12-IQp.......... S. Ellisu. 
B. Sorus usually 3-7 cm.; spores Q-I 3M... eee eee 
S. Syntherisme. 


Sorosporium Everhartii Ell. & Gall. The sori develop 
in the ovaries, forming linear bodies 1-2 cm. in length, and are 
covered with a prominent whitish false membrane that de- 
hisces at the apex into several lobes, disclosing the black- 
brown, semi-agglutinated spore mass and the flattened colu- 
mella of plant tissue. The spore balls are oblong to subspher- 
ical, composed of many firmly agglutinated spores, and vary 
from 55 to 125u in length. The spores are reddish brown, or 
the interior ones often nearly hyaline, ovoid to subspherical 
or polyhedral, smooth (outermost rarely granular), and 8-12, 
in length. 

Host and Distr.: Andropogon scoparius, Westville, Oct. 
22, 1903; [Southington, July 16, 1902; North Haven, July 26, 
1902; Montowese, Sept. 20, 1902; New Haven, Oct. 18, 
1903]. 

The first specimen mentioned above is typical of the species 
as described here. Those included in the brackets were origi- 
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nally considered by the writer as belonging under S. Ellisii, 
since their sori involve the entire inflorescence, instead of 
being limited to the ovaries. The spores, however, are 
smaller than those of the typical members of that species, and 
both the spores and spore balls are like S. Everhartii, so 
they may possibly be only vigorous specimens of this species, 
in which the sorus has involved the whole inflorescence. 

Sorosporium Syntherismz (Pk.) Farl. Figs. 7, 36. The 
elongated sori usually involve the entire inflorescence, 3-7 cm. 
in length, or more rarely are limited to the individual spikelets, 
when they are shorter; they are provided with a prominent 
false membrane which ruptures irregularly, disclosing the black- 
brown spore mass, within which are often shredded filaments 
of plant tissues. The sterile cells of the membrane are hya- 
line, oblong to cubical or subspherical, and tend to adhere in 
filaments when crushed apart. The spore balls, often evanes- 
cent when old, are irregular oblong to subspherical, and 40- 
1oou in length. The reddish brown spores are minutely ver- 
rucose (the inner often smooth and more lightly colored), 
subspherical, polyhedrat or occasionally more elongated, 
chiefly 9-13 in length. 

Host and Distr.: Cenchrus tribuloides, Savin Rock, Aug. 
30, 1902; Montowese, Sept. 20, 1902. 

This species should also be looked for on Panicum pro- 
liferum, which is a common host for it elsewhere. 


Tolyposporium Wor. 


The sori are usually found in the ovaries, forming a gran- 
ular spore mass at maturity. The spore balls are of medium 
size, dark colored, and composed of numerous permanently 
united spores. The spores are bound together by ridged folds 
or thickenings of their outer walls, and are of small to me- 
dium size. Figs. 10, 40. 

The spore balls can be ruptured by pressure, when the 
outer darker colored covering often breaks apart as ridges or 
spine-like projections on the light colored or hyaline spores. 
So far 13 species have been described, though it is doubtful if 
all belong to this genus; 2 of these occur in North America, 
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and 1 in Connecticut. None of the species apparently are of 
economic importance. 

Tolyposporium bullatum (Schrét) Schrét. Figs. 10, 40. 
The ovate sori are found in the ovaries, are about 3-5 mm. in 
length, and are covered by a smooth greenish plant membrane, 
which upon rupturing discloses the granular, black spore 
mass. The spore balls are opaque, black, oblong to spherical 
or polyhedral, contain numerous (over 100) firmly aggluti- 
nated spores, and are 50-160 in length. The spores are light 
reddish brown, or the inner ones semi-hyaline, and are covered 
with a thin, tinted outer coat thrown more or less into ridges 
or folds that bind the spores together; they vary from ovoid 
to spherical or polyhedral, and are 7-12y, rarely 14, in length. 

Host and Distr.: Panicum Crus-galli, Woodmont (Setch- 
ell) ; Unionville, Aug. 26, 1902; New Haven, Sept. 11, 1903; 
New Canaan, Sept. 29, 1903. 

Sometimes Ustilago spherogena occurs in the ovaries of 
the same plant with this. It can easily be distinguished from 
this by its larger sori, which are covered by a hispid mem- 
brane. Figure 40 shows the uppermost ovary only infected by 
the fungus. 


TILLETIACEZE $= Schrot. 


The sori form dusty erumpent spore masses, or are per- 
manently embedded in the plant tissues, often without evident 
distortion of these. The germination is by means of a pro- 
mycelium, which usually gives rise to a terminal cluster of 
elongated sporidia, which sometimes bear whorls of similar 
secondary sporidia; or the primary sporidia, with or without 
fusing in pairs, may give rise to infection threads, or in a 
nutrient medium to a mycelium bearing dissimilar secondary 
sporidia (aerial conidia). Fig. 22. 


Tilletia Tul. 


The sori occur in various parts of the host, usually in the 
ovaries, forming a dusty, dark spore mass. The spores are 
simple, separate, and originate singly in the ends of special: 
mycelial threads that generally disappear rather completely 
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through gelatinization; they are of large size, 16-35y. Figs. 
II, 12, 39. 

This is the type of the family, and is one of the larger 
genera. The sorus is quite like that of Ustilago, but the 
spores are usually considerably larger. Saccardo records 53 
species; 15 have been found in North America, but only 2 in 
Connecticut. The important stinking smuts of wheat, which 
cause so much damage in the western wheat districts, belong 
in this genus; but, as wheat is little grown in this state, neither 
species has been reported here. The smooth-spored species, 
Tilletia feetens (B. & C.) Trel., however, has been found, on 
microscopic examination, in ground cattle food offered for 
sale in the state, apparently made from smutted western wheat. 
The cattle did not relish this food. 


Key to Species of Tilletia. 


I. Spores reticulate.......... ccc eee ee eee T. Anthoxanthi. 
II. Spores apparently verruculose........... T. Maclagani. 


Tilletia Anthoxanthi Blytt. Figs. 12, 39. The sori are 
ovate, about 3 mm. in length, and usually occur in all of the 
ovaries of the spike; they are somewhat hidden by the envel- 
oping glumes, and at first are covered by a thin plant mem- 
brane, which eventually ruptures, disclosing the dusty, reddish 
black spore mass. Hyaline cells, or immature spores, are 
mixed with the spores, and are smaller than those, and have 
thin to medium-thick walls. The mature spores are reddish 
brown, ovoid to spherical, reticulate (3-64 wide and 1-3p 
deep), and 24-30p, occasionally even 34, in length. 

Host and Distr.: <Anthoxanthum odoratum, Whitney- 
ville, July 6, 1902. ‘ 

The sori are so inconspicuous in the ovaries that the in- 
fected spikes scarcely differ in appearance from the normal. 
See Fig. 39, in which the spike is magnified two diameters. 
This European species has been found in this country only at 
the above station. 

Tilletia Maclagani (Berk.) Clint. Fig.11. The sori are 
found in the ovaries, and rarely also in the anthers, and are in- 
conspicuous, being concealed by the enveloping glumes; upon 
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the rupture of the enclosing plant membrane, a dusty, red- 
dish brown spore mass is disclosed. The spores usually show 
various stages of development, vary from light fo dark reddish 
brown, are subspherical or spherical, or occasionally elon- 
gated or irregular, have a thick wall (3-4#) apparently closely 
covered with verruculations (really very minutely areolately 
pitted), and are 18-27, in length. 

Host and Distr.: Panicum virgatum, Conn. (Herb. Far- 
low) ; East Hartford, July 7, 1903 (Weatherby). 

The wild grass which is host for this smut is often cut for 
hay in the state, but it is doubtful if the smut does enough 
damage to be of economic importance. 


Neovossia Korn. 


The sori occur in the ovaries, forming dusty spore masses 
protected at first by a membrane of plant tissue. The large 
spores are simple, separate, and produced singly in the swollen 
ends of the special fertile hyphz, which permanently invest 
them and taper into conspicuous elongated hyaline appen- 
dages. Fig. 13, 

This genus is closely related to Tilletia, but can be dis- 
tinguished by the tail-like appendage to thé membrane invest- 
ing the spores. There are only two species now known that 
properly come under this genus. 

Neovossia Iowensis Hume & Hods. Fig. 13. The sori 
are found in the ovaries, are ovoid, about 2-3 mm. in length, 
and show inconspicuously between the spreading glumes. 
Sterile cells, or immature spores, which are hyaline, thick- 
walled, and chiefly smaller than the spores, are found in the 
spore mass. The mature spores are reddish brown, subo- 
paque, ovoid, ellipsoidal, or rarely subspherical, provided with 
a hyaline envelope tapering into an irregular tail once or twice 
their length. They have a minutely reticulately pitted cell wall, 
and are 19-284 by 13-19p in size. 

Host and Distr.: Phragmites communis, Montowese, fall, 
1901 (Evans) ; Oct. 18, 1902. 

This rare species, which has been reported elsewhere only 
from Iowa, was first found in this state by Professor Evans 
of Yale. 
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Urocystis Rab. 


The sori usually occur in the leaves or stems, where they 
often cause considerable distortion, or more rarely in the 
floral parts, and form dark colored, dusty spore masses. The 
spore balls are permanent, composed of an enveloping cortex 
of tinted sterile cells, enclosing one to several spores, and are 
of small to medium size. The spores are reddish brown, and 
of variable shape and size. Figs. 14, 15, 41, 42. 

The sori of this genus look very much like those of Usti- 
lago. Saccardo in his Sylloge Fungorum describes 34 spe- 
cies; I2 of these occur in North America, and 4 have been 
listed from this state. A few of the species are of some 
economic importance. 


Key to Species of Urocystis. 


I. Spore balls usually with 1 fertile cell, rarely with 2; 
sori forming extended outbreaks on leaves and 


GODS. cgece saunas eaccinnehame ceo eactaaenes U. Cepule. 
II. Spore balls usually with 1 or 2 fertile cells, rarely 
with 3 or 4. 
A. Sori forming pustular or irregular swellings 
on leaves and stem.............. U. Anemones. 
B. Sori in striz usually on under side of leaf 
sheath) 4.ccnceowne ni ceees oa see in wes U. occulta. 


III. Spore balls usually with 3 to 5 fertile cells, rarely 
with more; sori oblong in base of flowers...... 
U. Hypoxyis. 


Urocystis Cepulz Frost. Figs. 14, 42. The sori occur 
in the leaves and bulbs as isolated pustules or often as more 
extended areas, and are at first covered by a thin plant mem- 
brane, but eventually rupture this, disclosing a black, dusty 
spore mass. The spore balls are ovoid to spherical, small, 
17-25u in length, and contain one or rarely two spores.’ The 
sterile cells are tinted, ovoid to spherical, small, 4-84, and 
rather completely cover the spores. The spores are reddish 
brown, ovoid to spherical, and chiefly 12-16 in length. 

Host and Distr.: Allium Cepa, Green’s Farms, June, 
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1890 (Thaxter)}, Oct. 22, 1902, June 24, 1904; Bridgeport, 
Sept., 1902; New Haven, June 23, 1904. 

This is one of the most injurious smuts in this state. It 
occurs early in the season on the young seedlings, many of 
which may be killed outright, thus thinning out the stand ir- 
regularly. It is also found throughout the season, eventually 
doing considerable damage to the bulbs. The smut often be- 
comes established in the soil, which is then rendered unfit for 
raising onions from seed. Sets, however, transplanted in the 
infected soil, suffer little from this trouble. Soil once infected 
remains so for years, and for this reason there is considerable 
land in the onion districts of the state that cannot be used to 
advantage for this crop. Experiments with treating the in- 
fected soil, at time of planting the seed, with various fungi- 
cides, such as formalin, and sulphur mixed with lime, have 
given some favorable results in keeping down the smut. As 
yet, however, such treatment is little practiced by the growers. 

Urocystis Anemones (Pers.) Wint. The sori develop 
in the leaf blades, petioles, and stems, forming conspicuous 
pustules of varying shape and size, and soon disclose dusty, 
black spore masses. The spore balls are irregular, contain’ 
1-5, usually 1-2 spores, and are 22-35, rarely 45y, in length. 
The sterile cells usually incompletely cover the spores, and 
sometimes become separated from them; they are smoky 
brown or yellowish tinted, ovoid to spherical, and about 8-14, 
in length. The spores are reddish brown, irregular, oblong 
or ovoid to polyhedral or subspherical, smooth, and chiefly 
12-17p, rarely 2ou, in length. 

Host and Distr.: Anemone nemorosa, Milford, May, 
189i (Thaxter). 

This smut is found early in the spring, and no doubt has a 
wider distribution and other hosts in the family Ranunculacee 
than that reported here. 

Urocystis occulta (Wallr.) Rab. Figs. 15, 41. The 
sori of this smut are usually confined to the leaves, especially 
the inner side of the leaf sheaths, but occasionally occur in 
the culm or inflorescence; they form linear strize of consider- 
able length, and often are so closely placed that they merge 
into a dusty, reddish black stratum. The spore balls are ob- 
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long to subspherical, contain 1 or 2, rarely 3 or 4, spores, and 
are 16-324 in length. The sterile cells usually incompletely 
cover the spores, are hyaline or yellowish tinted, and sub- 
spherical to oblong. The spores are reddish brown, oblong 
to subspherical, often irregularly flattened, smooth, and 11-18 
in length. 

Host and Distr.: Secale cereale, Milford, June, 1890 
(Thaxter) ; Rainbow, June 6, 1903. 

The smut possesses some economic importance, since it 
occurs on cultivated rye. However, it apparently rarely be- 
comes so abundant in the rye fields of this state as to cause 
serious injury. So far the writer has been able to find only 
a single smutted plant, though a number of fields have been 
examined. 

Urocystis Hypoxyis Thaxt. The sori occur in the inner 
and basal parts of the flowers, distorting and destroying them 
more or less, and often run down somewhat on the pedicles ; 
the infected parts have an irregular oblong shape, and finally 
disclose the dusty, purple-black spore mass. The spore balls 
vary from ovoid to spherical, contain 1-8, chiefly 3-5, spores, 
and are 25-60u in length. The sterile cells completely cover 
the spores, are reddish yellow, ovoid, and 9-14 in length. 
The spores are reddish brown, polyhedral, subspherical, or oc- 
casionally ovoid to oblong, and usually 13-16 in length. 

Host and Distr.: Hypoxys erecta, Westville, July, 1889. 
(Thaxter), July 12, 1902. 

This smut was originally described Te the specimens 
found by Professor Thaxter.of Harvard in West Rock Park, 
Westville. Since then it has been reported from Massa- 
chusetts and South America. 


Entyloma DeBy. 


The sori occur chiefly in the leaves, being permanently em- 
bedded in their tissues, and forming discolored but usually 
scarcely distorted areas. The spores are hyaline or yellowish 
tinted, rarely darker colored, simple, separate, or occasionally 
slightly adhering together in rows or irregular masses, and of 
medium size. Elongated conidia are often produced from the 
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mycelium, protruding in tufts through the stomates. Figs 
16-18, 30-34. 

About 70 species have been described, of which 25 occur 
in North America. Of the latter, four occur on cultivated 
hosts, but are not of especial economic importance. So far & 
species have been reported in Connecticut. 


Key to Species of Entyloma. * 
J. Spores dark tinted, reddish brown, often adhering to. 


gether. 
A. Sori forming minute, black, oblong or linear striz. 
1. Spores golden brown, 7-1Ip....... E. lineatum, 


2. Spores darker brown, 8-14u...E. crastophilum. 
II. Spores hyaline or yellowish tinted; sori forming discol- 
ored spots. 
A. Spores not apiculate, often adhering somewhat. 
1. With hypophyllous conidia or sporidia. 
a. Sori yellowish or reddish brown, I-2 mm. 


E. Thalictri 

b. Sori whitish or yellowish, I-lo mm........ 
E. Lobelie 

c. Sori yellowish or reddish, often bordered 
O20 WM nee walvdadeuee E. Physalidis 


2. Usually without conidia. 
a. Sori light yellowish, 14-2 mm...E. Linarie 
b. Sori yellowish or reddish brown, 2-5 mm... 
E. polysporum. 
B. Spores apiculate and pedicellate, never adhering ; sor 
yellowish, later reddish brown..... E. Nymphee 


Entyloma lineatum (Cke.) Davis. Figs. 16, 32. The 
sori occur in the leaves, leaf sheaths, or occasionally in the 
culm, and are small, 14-3 mm. in length, subcircular tc 
(chiefly) linear, scattered or fusing somewhat, lead-colorec 
or black, and rather permanently covered by the epidermis 
The spores are light golden brown, firmly agglutinated, usually 


ovoid to subspherical or somewhat polyhedral, smooth, anc 
7-11 in length. 
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Host and Distr.: Zigania aquatica, New Haven, 1892 
(Setchell) ; Whitneyville, July 24, 1902; Montowese, Oct. 18, 
1902; Westville, Aug. 21, 1903. 

Entyloma crastophilum Sacc.. This species is closely re- 
lated to the preceding, but differs in, its slightly smaller sori 
and somewhat darker colored spores which are 8-14p in length. 

Host and Distr.: Holcus lanatus, West Haven, July 23, 
1903; Undetermined grass, West Haven, Aug. 12, 1903. 

Both this and the preceding species differ from the ordinary 
Entylomas in their darker colored spores. 

Entyloma Thalictri.Schrét. The sori are found in the 
leaves, forming small, angular, yellowish or reddish spots 
about I-2 mm. in diameter, or by ‘confluence becoming more 
extended and indefinite. The spores are hyaline or yellowish, 
ovoid to subspherical or occasionally somewhat angled and 
more irregular, thin-walled to medium thick-walled, smooth, 
and 8-13 in length. The conidia are apparently produced on 
the under surface of the sori. 

Host and Distr.: Thalictrum polygamum, Montowese, 
Sept. 14, 1903. 

This species is not very common, and has been reported on 
the above host only from this state. 

Entyloma Lobeliz Farl. Figs. 17, 31. The sori form 
conspicuous whitish or yellowish areas in the leaves, and are 
I-I0 mm. in diameter. The spores are hyaline or yellowish 
tinted, oblong to subspherical or somewhat angled, rather 
thick-walled, and 11-15 in length. The conidia form a whit- 
ish growth on the under surface of the sori, and are fusiform, 
and 10-25p by 2-3, in size. 

Host and Distr.: Lobelia inflata, Hamden, Sept. 11, 1902; 
Hartford, Oct. 20, 1902; Cheshire, Aug. 3, 1903; Yalesville, 
Oct. 14, 1904. 

This is probably the most common Entyloma occurring in 
the New England states, but so far it has been found only on 
the above species of Lobelia. 

Entyloma Physalidis (K. & C.) Wint. Fig. 34. The 
sori form at first yellowish, but later darker colored, roundish 
or angular spots from 34-6 mm. in diameter. The spores vary 
from slightly tinted to light or reddish yellow, are ovoid, spher- 
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ical or slightly angled, have a thickish wall, and are 10-16p in 
length. The conidia may occur on either surface of the sorus 
as a whitish growth, and are linear, somewhat curved, and 
30-55 by 1-2 in size. 1 

Host and Distr.: Physalis pubescens, South Manchester 
(Thaxter); New Haven, Sept. 16, 1902, Sept. 30, 1903; 
Physalis Virginiana, Hamden, Oct. 14, 1903. 

The cultivated strawberry tomato, Physalis pubescens, is 
sometimes rather seriously injured by this smut. The figure 
shows the sori on this host, the spots having a definite darker 
border. 

Entyloma Linariz Schrét. Fig. 30. The sori show as 
small, faint, yellowish spots on the under surface of the leaves, - 
and are oval to circular in outline, and 14-2 mm. in diameter. © 
The hyaline or yellowish spores are chiefly subspherical or 
spherical, smooth, have evident double wall, and are I1-15p, 
in length. The conidia have not been observed. 

Host and Distr.: Linaria vulgaris, Westville, Oct. 22, 
1903. 

This species has been reported on this host only twice in 
North America. The variety is more common. 

Entyloma Linariz var. Veronice Wint. The sori are 
somewhat more evident than in the typical form of the species, 
showing on both sides of the leaf. The spores also are deeper 
tinted and larger, 13-16y, or rarely 19u, in length. 

Host and Distr.: Veronica peregrina, New Haven, May 
16, 1904. 

Entyloma polysporum (Pk.) Farl. The sori form sub- 
circular or more irregular, yellowish or (later) dark brown 
spots, 2-5 mm., in the leaves; the surrounding tissue is often 
killed, thereby merging the sori. The spores are usually hya- 
line to yellowish, or more rarely even chestnut brown, ovoid 
to spherical or somewhat polyhedral, smooth, provided with 
evident thick double wall, and chiefly 12-17p in length. Coni- 
dia, apparently, are lacking. 

Host and Distr.: Ambrosia artemisiefolia, Cheshire, Aug. 
3, 1903. 

The closely related species Entyloma Compositarum Farl., 
also on Composite as hosts, probably also occurs in this state, 
though not yet reported. 
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Entyloma Nymphze (Cunn.) Setch. Figs. 18, 33. The 
sori occur in the leaves, forming yellowish, or with age reddish 
brown, variable, usually irregular areas most prominent on 
the under surface. The hyaline spores are ovoid to subspheri- 
cal, usually distinctly apiculate, and with remains of hypha as 
an appendage at opposite end, smooth or, under an immersion 
lens, very minutely verruculose, 10-14 in length. Conidia 
have not been found, but the spores germinate in situ. 

Hosts and Distr.: Nuphar advena, New Haven (Setch- 
ell) ; Nymphea odorata, Ledyard (Setchell) ; Westville, Sept. 
2, 1902, Oct. 3, 1904. 

The appendaged and apiculate spores easily distinguish 
this species from any other. Fig. 33 shows the sori on a por- 
tion of the leaf of Nymphea odorata. 


Doassansia Cornu. 


The sori occur on various parts of the host, usually in the 
leaves, and are rather permanently embedded in the tissues. 
The spores are united into large, permanent spore balls; these 
consist of a distinct cortical layer of sterile cells, with the spores 
entirely filling the interior, or limited to one or two layers be- 
neath the cortex, while the interior is filled with sterile cells 
or threads. The spores are hyaline or yellowish tinted, smooth, 
and of small to medium size. Figs. 19, 22, 29. 

Our knowledge of this and the next genus is largely due 
to the investigations of Professor Setchell of the University 
of California, but at one time a resident of this state, where he 
collected part of the material with which he worked. The 
species occur chiefly on plants growing in moist situations, es- 
pecially on the Alismacee. Of the 24 species described, 10 
occur in North America, and 5 in Connecticut. They are of 
no economic importance. 


Key to Species of Doassansia. 
I. Spore balls with spores entirely filling their interior; 
sori forming lead-colored, slightly elevated pustules 


in leaves.....se eee eee cree etre tent ees .-D. opaca, 
II. Spore balls with a single layer of spores within which 


are sterile cells. 
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A. Sori in the slightly swollen ovaries..... D. occulta, 

B. Sori forming discolored areas in leaves.......... 

D. Martianoffiiana, 

C. Sori forming conspicuous distortions usually in 

. TES snkiecovied saeaecoroeuas D. deformans. 
III. Spore balls with several irregular layers of spores, within 
which are hyphal threads; sori indefinite, hidden in 

leat petiOlesincrc.cci.ieiccvava acisiew xigitne nein D. obscura. 


Doassansia opaca Setch. Figs. 19, 22, 29. The sori 
form in the leaves evident lead-colored pustules, about 2-5 
mm., which show as slight elevations on both surfaces; they 
are more or less scattered, usually in yellowish or reddish 
brown widely discolored areas. The spore balls are closely 
compacted in a single layer, occupying most of the space be- 
tween the epidermal layers of the leaf, and consist of a distinct 
cortex with a mass of fertile cells entirely filling the interior; 
they are oblong to subspherical or cuboidal, and 200-300n in 
greatest length. The cortical cells are reddish brown, oblong 
or subcubical, prominent, about 14-27p in length. The spores 
are rather loosely compacted, chiefly subspherical, 10-15 in 
diameter. 

Host and Distr.: Sagittaria variabilis, Norwich, Aug. 14, 
1889 (Setchell) ; New Haven (Setchell) ; Whitneyville, Aug. 
10, 1902; Montowese, Sept. 20, 1902; Westville, Sept. 8, 1904. 

A portion of one of the spore balls is shown in cross section 
in Fig. 19. 

Doassansia occulta (Hoffm.) Cornu. The sori occur in 
the ovaries, forming swollen, ovate bodies. The spore balls 
consist of a distinct cortex within which is a single layer of 
fertile cells surrounding a central mass of parenchymatous tis- 
sue; they are subspherical or more irregular, and 100-160p in 
length. The cortical cells are polyhedral or more elongated 
tangentially, and 8-10u in length. The spores adhere rather 
firmly, and are about 10-12 in length. 

Host and Distr.: Potamogeton Pennsylvanicus, Norwich, 
Aug. 26, 1889 (Setchell) ; Bridgeport (Morong). 

Doassansia Martianoffiana (Thiim.) Schrét. In this 
species the sori occur in the leaves, forming unthickened, yel- 
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lowish or eventually reddish brown subcircular spots, which 
sometimes merge into indefinite areas. The spore balls are 
situated in the spongy parenchyma of the leaf, and consist of 
a distinct cortex surrounding a single layer of fertile cells 
within which is a central mass of sterile cells; they are chiefly 
subspherical or spherical, and 100-1604 in diameter. The 
cortical cells are brown and small. The spores are slightly 
yellowish tinted, chiefly polyhedral or slightly elongated ra- 
dially, and 8-12» in length. 

Host and Distr.: Potamogeton sps., Norwich (Setchell) ; 
New Haven (Setchell) ; Simsbury (Setchell) ; Whitneyville, 
Aug. 18, Sept. 21, 1902; Westville, Sept. 8, 1904. 

Doassansia deformans Setch. The sori occur in various 
parts of the host, usually in the leaves, where they form con- 
spicuous distortions in the midribs and petioles. The spore 
balis occur in the intercellular spaces, and consist of a cortical 
layer surrounding a single layer of fertile cells within which 
is a central mass of sterile cells; they are chiefly subspherical, 
and vary from 100-140 in diameter. The cortical cells are 
polyhedral, occasionally slightly elongated tangentially, small, 
about 4-64 by 8-12p. The spores are ovoid to polyhedral, 
rather firmly united, and chiefly 8-12y, rarely 15, in length. 

Host and Distr.: Sagittaria variabilis, Norwich, Aug. 17, 
1889 (Setchell)’; New Haven (Setchell). 

This species was originally described by Setchell from 
Connecticut material. 

Doassansia obscura Setch. The sori are obscured, the 
spore balls being hidden in the interior of the basal parts of 
the petioles without especial discoloration or distortion. The 
spore balls are arranged in a single row in the air chambers 
of the host, and consist of a distinct cortex surrounding several 
irregular layers of spores and a central mass of indefinite fun- 
gal hyphz; they are oblong to subspherical, and of very large 
size, 150-300 in length. The conspicuous cortical cells are 
light brown, ovoid to obovate or subcordate, and 12-18, by 
8-12. The spores are chiefly subspherical and small, 8-12y. 
in diameter. 4 

Host and Distr.: Sagittaria variabilis, Norwich, Sept. 


(Setchell). 
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Setchell described this species originally from Connecticut 
and Massachusetts. This is the only collection reported for 
this state; the fungus is so hidden in the host that it is not 
easily detected. 


Tracya Syd. 


The sori occur permanently embedded in the tissue of the 
leaves (fronds). The spore balls are destitute of a cortical 
layer, and consist of a single layer of spores enclosing a net- 
work of septate filaments. The spores are hyaline or yellow- 
ish, firmly united, and of small to medium size. Fig. 20. 

This genus, first described by Setchell under the name 
Cornuella, contains a single species, which has been reported 
only from North America and on a single species of duckweed. 
It is closely related to Doassansia, but lacks the sterile cortex. 

Tracya Lemnz (Setch) Syd. Fig. 20. The sori occur 
in the languishing fronds, showing the spore balls under a 
hand lens as minute, clustered or scattered, opaque embedded 
bodies. The spore balls are situated in the spongy paren- 
chyma above the lower epidermis, are subspherical and rather 
small, 50-100z in diameter. The spores are yellowish, firmly 
compacted, cuboidal, polyhedral or often more elongated ra- 
dially, and chiefly 10-12y in length; they arise from the ends 
of the sterile network of brownish hyphz that fill the interior. 

Host and Distr.: Spirodela . polyrrhiza, New Haven 
(Setchell) ; Whitneyville, Oct., 1902. 

This is one of the most interesting species of the Ustila- 
gine. So far it has been reported only from four states. As 
in Doassansia, sections of the infected tissue are necessary to 
make out the structure of the fungus. Fig. 20 shows merely 
a portion of the spore ball in cross section. 


LIST OF HOSTS, ACCORDING TO FAMILIES. 


MONOCOTYLS. 
NAIADACEZ. ALISMACER. 
Potamogeton Bednavivanicua: Sagittaria variabilis. 
Doassansia occulta. Doassansia deformans. 
Potamogeton ps. Doassansia obscura. 


Doassansia Martianoffiana. Doassansia opaca. 
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“GRAMINEZ. 
Agrostis alba var. vulgaris. 
Ustilago strieformis. 
Andropogon scoparius. 
Sorosporium ? Ellisii. 
Sorosporium Everharit. 
Anthoxanthum odoratum. 
Tilletia Anthoxanthi. 
Arrhenatherum avenaceum. 
Ustilago perennans. 
Avena sativa. 
Ustilago Avene. 
Ustilago levis. 
‘Cenchrus tribuloides. 
Sorosporium Syntherisme. 
Eragrostis major. ° 
Ustilago spermophora. 
Euchlena luxurians. 
Ustilago Zee. 
Glyceria grandis. 
Ustilago longissima. 
‘Holcus lanatus. 
Entyloma crastophilum. 
‘Hordeum vulgare. 
Ustilago Hordei. 
Ustilago nuda. 
‘Panicum Crus-galli. 
Tolyposporium bullatum. 
Ustilago Crus-galli. 
Ustilago spherogena. 
‘Panicum sanguinale. 
Ustilago Rabenhorstiana. 
‘Panicum virgatum. 
Tilletia Maclagani, 
‘Phleum pratense. 
Ustilago strieformis. 
Phragmites communis. 
Neovossia Iowensis. 
Secale cereale. 
Urocystis occulta, 
Setaria glauca. 
Ustilago Panici-glauci. 
Setaria Italica. 
Ustilago Crameri. 
Sorghum vulgare and vars. 
Sphacelotheca Sorghi. 
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Zea Mays. 

Ustilago Zee. 

Zizania aquatica. 
Entyloma lineatum. 

CYPERACEZ. 

Carex Pennsylvanica. 
Cintractia Caricis. 
Schizonella melanogramma. 

Cyperus filiculmis. 
Cintractia Cypert. 

Rhynchospora alba. 
Cintractia Montagnei. 

LEMNACE&. 

Spirodela. polyrrhiza. 

Tracya Lemne. 
ERIOCAULACEZ. 

Eriocaulon septangulare. 

Ustilago Eriocauli. 
JuNcACcEz. 

Juncus tenuis. 

Cintractia Junci. 
Liiacez. 

Allium Cepa. 

Urocystis Cepule. 
AMARYLLIDACEZ. 

Hypoxys erecta. 

Urocystis Hypoxyis. 


DICOTYLS. 


PoLYGONACE. 
Polygonum acre. 
Sphacelotheca Hydropiperis. 
Polygonum Convolvulus (?) 
Ustilago anomala. 
Polygonum dumetorum 
var. scandens. 
Ustilago anomala. 
Polygonum Hydropiper. 
Ustilago utriculosa. 
Polygonum hydropiperoides. 
Ustilago utriculosa. 
Polygonum lapathifolium. 
Ustilago utriculosa. 
Polygonum Pennsylvanicum. 
Ustilago utriculosa. 
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Polygonum sagittatum. 


Sphacelotheca Hydropiperis. 


NYMPH ZACEZ. 
Nuphar advena. 
Entyloma Nymphee. 
Nymphza odorata. 
Entyloma Nymphee. 
RANUNCULACEZ. 
Anemone nemorosa. 
Urocystis Anemones. 
Thalictrum polygamum. 
Entyloma Thalictri. 
OXALIDACEZ. 
Oxalis stricta. 
Ustilago Oxalidis. 
SoLANACE, 
Physalis pubescens. 


[ Bull. 


Entyloma Physalidis. 
Physalis Virginiana. 
Entyloma Physalidis. 
ScROPHULARIACES. 
Linaria vulgaris. 
Entyloma Linarie. 
Veronica peregrina. 
Entyloma Linarie 
var. Veronice. 
CAMPANULACEA, 
Lobelia inflata. 
Entyloma Lobelia. 
ComMPposiTz. 
Ambrosia artemisizfolia. 
Entyloma polysporum. f 


EXPLANATION OF FIGURES. 


Figs 1-20. Spores of various smuts, part of which are 
shown in optical cross section. Magnified about 650 diameters 
except where otherwise stated. 

Fig. 1. Ustilago longissima from Glyceria grandis. 

Fig. 2. Ustilago Zee from Zea Mays. 

Fig. 3. Ustilago Oxalidis from Oxalis stricta. 

Fig. 4. Ustilago utriculosa from Polygonum Pennsylvanicum. 

Fig. 5. Sphacelotheca Sorght from Sorghum vulgare; a, 
sterile cells of false membrane. 

Fig.6. Sphacelotheca Hydropiperis from Polygonum Ssagit- 
tatum, a, sterile cells of false membrane. 

Fig.7 Sorosporium Syntherisme from Cenchrus tribuloides; 
a, spore ball magnified only about 100 diameters. 

Fig. 8. Cintractia Caricis from Carex Pennsylvanica. 

Fig.9. Schizonella melanogramma from Carex Pennsyl- 
vanica. 

Fig. 10. Tolyposporium bullatum from Panicum Crus-galli; 
a, spore ball magnified only about roo diameters, 

Fig. 11. Tilletia Maclagani from Panicum virgatum. 

Fig.12. Tilletia Anthoxanthi from Anthoxanthum odora- 
tum; a, sterile cell. 


Fig. 13. Neovossia lowensis from Phragmites communis 
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Fig.14. Urocystis Cepule from Allium Cepa. 

Fig.15. Urocystis occulta from Secale cereale. 

Fig. 16. Entyloma lineatum from Zizania aquatica. 

Fig.17.. Entyloma Lobelie from Lobelia inflata. 

Fig. 18. Entyloma Nymphee from Nymphea odorata. 

Fig. 19. Doassansia opaca from Sagittaria variabilis. This 
is a cross section of a spore ball merely showing one end; 
a, superficial cortex of sterile cells; b, spores filling the 
interior of éall. 

Fig. 20. Tracya Lemne from Spirodela polyrrhiza. This is 
a cross section of a spore ball merely showing one end; 
a, superficial layer of spores; b, sterile hyphz filling in- 
terior of ball. 

Figs, 21-25. Germination of spores of smuts. Magnified 
about 650 diameters. 

Fig. 21. Germination of spore of Ustilago utriculosa from 
Polygonum Pennsylvanicum in water; a, promycelium; 
b, sporidia. , 

Fig. 22. Germination of spore of Doassansia opaca from Sag- 
ittaria variabilis in water; a, promycelium; b, sporidia; 
c, secondary sporidia fallen off. 

Fig. 23. Germination of spore of Ustilago Avene from Ave- 
na sativa in horse dung; a, promycelium; 6, infection 
threads. 

Fig. 24. Germination of a sporidium of Ustilago Sorghi into 
an infection thread. 

Fig. 25. Small portion of a group of sporidia developed from 
promycelium of Tolyposporium Eriocauli in potato agar. 

Fig. 26. Cross section of epicotyl of broom corn. infected 
by Ustilago Sorghi; a, epidermal cells; b, parenchyma cells of 
cortex ; c, woody cells of central cylinder, and d, mycelium of 
the fungus ramifying through the parenchyma cells of the 
cortex. Magnified about 125 times. 

Figs. 27-55. Sori of various smuts, showing general ap- 
pearance and parts of different hosts infected. Natural size 
except where otherwise indicated. 
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Abrasion, effect of, on brick, 
a 4, 86. 
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Air, drying of clay in, 4, 37. 
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Albany slip clay, 4, 80. 
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in Connecticut clays, 4, 59, 
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59, 60. 
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Anorthite, composition of, 4, 40. 
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Astasiopsis, 2, 25. 
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Atkinson, G. F., 3, 6. 
Atractonema, 2, 25. 
Balantidium, 2, 53, 56. 
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Basidiomycetes, 3, I1. 
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Berlin clay area, 4, 13. . 
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Bicosceca, 2, 20. 
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Biotite, composition of, 4, 40. 
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Bishop, L. B., 1, 12. 
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Bolbitius, 3, 18, 43. 

Boletinus, 3, 54, 56. 
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manufacture of, 4, 73. 
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cracking during, 4, 42. 
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Cercomonas, 2, 20, 22. 

Chenia, 2, 40, 43. 

Chemistry of clays, 4, 29. 
Cheshire, high gravels at, 4, 23. 
Chilodon, 2, 42, 52. 
Chilomonas, 2, 32, 35. 

China clays, 4, 32, 51. 
Chlamydomonas, 2, 33, 37. 
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Chiorite, composition of, 4; 38, 
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plasticity of, 4, 45, 46. 
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Chromulina, 2, 24. 
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Cintractia, 5, 23. 
_ Caricis, 5, 24. , 
Cyperi, 5, 23. 
Junci, 5, 25. 
Montagnei, 5, 24. 
Cladomonas, 2, 34. 
Clarke, F. W., 4, 58. 
Clathrulina, 2, 17, 18. 
Clavaria, 3, 73. 
Clavariacee, key to. the genera 
of, 3, 73. 
Clay, affinity of, for water, 4, 46. 
alluvial, 4, 19. 
amount of iron requisite for 
coloration of, 4, 32. 
analyses of, 4, 59, 60. 
chemistry of, 4, 29. 
classification of, 4, 16, 51. 
color of, 4, 25, 32, 39, 41, 47. 
concretions in, 4, 27. 
contortions in, 4, 13, 26. 
definition of, 4, 16. 
density of 4, 41, 42, 43. 
deposited by wind, 4, -21. 
deposition of, in Berlin lake, 
4, 24. 
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Clay, earthenware, 4, 55. 
effect of included water on, 
4; 37. 
effect of iron sulphate on, 4, 
34. 
eolian, 4, 21. 
estuarine, 4, 20. 
faults in, 4, 27. 
’ feel of, 4, 42. 
‘geological history of, 4, -22. 
Glacial, 4, 18, 29. 
hardness of, 4, 48. 
homogeneity of, 4, 42. 
in limestone, 4, 18. 
included water in, 4, 46. 
influence of alkalies on, 4, 


influence of limonite on, 4, 
32. 
influence of quartz on, 4, 30. 
joints or seams in, 4, 27. 
kinds of, in Connecticut, 4, 
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lacustrine, 4, 20. 
lamination of, 4, 26. 
marine, 4, 20. 
minerals in, 4, 39, 59. 
odor of, 4, 41, 46. 
origin of, 4, 16, 22. 
origin of pebbles 
bowlders in, 4, 27. 
physical properties of, 4, 30, 
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refractory, 4, 31, 33, 35- 
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shrinkage of, 4, 27, 37, 41, 
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strength of, 4, 41, 44. 
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tempering of, 4, 75. 
transported, 4, 18, 19, 20. 
Triassic material in, 4, 25. 
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vegetable matter in, 4, 38. 
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weathering of, 4, 75. 

Clay base, 4, 18, 38, 44, 59. 


Clay dogs, 4, 27, 32, 34, 35- 
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Clays and clay industries of 
Connecticut, 4. 
Claystones, 4, 27, 32, 34, 35- 
Clayton area of clay, 4, 13, 23, 
25, 27. 
Cleavage, slaty, in clay, 4, 26. 
Climacostomum, 2, 53. 
Clinton, %, P., 1, 11, 3, 5, 5. 
Clitocybe 3, 18, 36. 
Clitopilus, 3, 19, 47. 
Clostonema, 2, 26, 29. 
Coal dust in bricks, 4, 75, 76. 
Coal measures, 4, 20, 43. 
Coast of Connecticut now sink- 
ing, 4, 28. 
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Colacium, 2, 25. 
Coleps, 2, 40, 42. 
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Commercial classification -of 
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Composition of Connecticut 
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of eruptive rocks, 4, 17. 
of minerals in clay, 4, 40. 
of West Cornwall kaolin, 4, 


57. 
Conchopthirus, 2, 41. 
Concretions, calcareous. 
Clay dogs. 
of siderite, 4, 32, 34. 
Condylostoma, 2, 53, 54. 
Conn, H. W., 1, 12, 2. 
Connecticut, Clays and Clay Tn- 
; dustries of, 4. 2 
coast of, now sinking, 4, 28. 
Fresh-water Protozoa of, 2. 
Geological and Natural 
History Survey of, 1. 
Hymeniales of, 3. 
Ustilagineze or Smuts of, i5, 
Connecticut Botanical Society, 
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Connecticut clays, adaptability 
of, 4, 65. 
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Connecticut clays, alumina in 4, 
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analyses of, 4, 59, 60. 

composition and properties 
of 4, 58. 

fluxes in, 4, 31. 

geological history of, 4, 22. 

microscopic examination of, 
4, 59. 

origin of, 4, 22. 

physical properties of, 4, 62. 

plasticity of, 4, 45. 

prgaues brick made from, 4, 


silica in, 4, 30. 
Contorted layers in clay, 4, 13, 


26, 27. 
Cook, G. H., 4, 36. 
Copperas in clay, 4, 33. 
Coprinus, 3, 20, 50. 
Cornwall Hollow, 

posit at, 4, 15. 
Cothurnia, 2, 63. 
Cothurniopsis, 2, 63. 
Corticium, 3, 70, 72. 
Cortinarius, 3, 18, 40. 
Cracking, in drying and burning 

of clay, 4, 42. 

prevented by quartz, 4, 30. 

Craterellus, 3, 70, 71. 
Crepidotus, 3, 18, 42. 
Crockery, quartz shipped for 

manufacture of, 4, 72. 
Cromwell, clay at, 4, 13, 24. 
Crosby, W. O., 4, 7. 
Cross-bedded gravel, high de- 

posits of, 4, 23. 
Crushing strength of brick, 4, 


kaolin de- 


44. 
Cryptoglena, 2, 24, 26. 
‘Cryptomonas, 2, 33, 36. 
Cyathomonas, 2, 32, 35. 
Cyclidium, 2, 42, 51. 
Cyclomyces, 3, 55, 61. 
Cyphella, 3, 70, 71. 
Cyphoderia, 2, 13. 
Dactylospherium, 2, 12, 14. 
Dedalea, 3, 55, 62. 
Dallasia, 2, 41, 49. 
‘Dams of gravel deposit, 4, 24. 
Decomposition of rocks, 4, 16. 
Decoration of pottery, 4, 88, 86. 
Deltas at ice halts and lake 
margins, 4, 20, 23, 26, 28. 
Dendrocometes, 2, 65. 
Dendromonas, 2, 21. 
Dendrosoma, 2, 65. 


Density, of clay, 4, 38 41, 42, 43, 


Deposition of clay, duration of, 
4, 26. 
Dexiotricha, 2, 41, 50. 
Diaphoropodon, 2, 13. 
Didinium, 2, 42. 
Difflugia, 2, 12, 15. 
Dileptus, 2, 40, 46. 
Dilution of brick clays, 4, 54. 
Dimorpha, 2, 20. 
Dinobryon, 2, 21, 23. 
Dinoflagellata, 2, 19, 39. 
Dinomonas, 2, 29, 31. 
Diplophrys, 2, 14, 16. 
Disintegration of rocks, 4, 16. 
Disintegrator, 4, 75, 76. 
Dissected plain in northern 
Connecticut, 4, 28. 
Ditrema, 2, 14. 
Doassansia, §, 37. 
deformans, 5, 39. 
Martianoffiana, 5, 38. 
obscura, 5, 39. 
occulta, 5, 38. 
opaca, 5, 38. 
Dolomite, composition of, 4, 40. 
Double-coal brick, 4, 83. 
Down-draft kiln, 4, 85, 88. 
Drain tile, 4, 65, 89. 
Drumlins, 4, I9. 
Drying of clay and brick, 4, 37, 
42, 82. 
Dry-press machine, 4, 80. 
Dump-table, 4, 81. 
sy isc manufacture of, 4, 
5. 
clays, 4, 51, 54, 55. 
East Liverpool, Ohio, 4, 71. 
Eccilia, 3, 19, 48. 
Edger, use of, 4, 82. 
Efflorescence of soluble salts, 4, 
34, 37, 38, 46. 
Elmwood, analysis of clay from, 
_ 4 59, 60. 
Elvirea, 2, 29, 31. 
Emerson, B. K., 4, 26. 
Enchelys, 2, 40, 44. 
Engler, A., 3, 12. 
Entoloma, 3, 19, 46. 
Entosiphon, 2, 30, 32. 
Entyloma, 5, 33. 
crastophilum, 5, 35. 
Linariz, 5, 36. 
lineatum, 5, 34. 
Lobelia, 5, 35. 
Nymphee, 5, 37. 
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Entyloma Physalidis, 5, 35. 
polysporum, 5, 36. 
Thalictri, 5, 35. 
Eolian clays, 4, 21. 
Epidote, composition of, 4, 40. 
Epipyxis, 2, 21. 
Epistylis, 2, 63, 64. 
Epsomite, composition of, 4, 40. 
Eruptive rocks, composition of, 
4, 17. 

Ervilia, 2, 42. 

Estuaries, black mud accumu- 
lating in, 4, 28. 

Estuarine clays, 4, 20, 57, 58, 70. 

Eudorina, 2, 34. 

Euglena, 2, 25, 26. 

Euglenoidina, 2, 20, 24. 

Euglypha, 2, 13, 16. 

Euplotes, 2, 57. 

European fire-clays, 4, 36. 

Eutreptia, 2, 25, 27. 

Evidence of readvance of ice 

in Connecticut, 4, 26. 

Exfoliation of brick, 4, 80. 

si ee of carbon dioxide, 4, 


38. 
of quartz, 4, 30. 
of steam, 4, 37. 
Fairfield County, 4, 15. 
Fancy brick, 4, 86 
Fat clay, 4, 44. 
Faults in Connecticut clay, 4, 


27. 

Favolus, 3, 54, 60. 

Feel of clay, 4, 41, 42. 

Feeling the clay, 4, 80. 

_ Feldspar, addition of, to china 
clays, 4, 51. 

alumina in, 4, 31. 

as source of alkalies, 4, 36. 

composition of, 4, 40. 

decomposition of, 4, 17. 

in Connecticut brick clays, 
4, 59, 60, 62, 63. 

in West Cornwall kaolin, 4, 


87. 
lime in, 4, 34. 
mining of, in 
4, 71, 72. . 
specific gravity of, 4, 42. 
Feldspathic quartzite, kaolin 
from, 4, 57. 
Ferric oxide, 4, 17, 32, 33- |. 
Ferromagnesian minerals, lime 
in, 4, 31, 34, 59. 
Ferrous oxide, 4, 32, 33. 
Fineness of grain in clays, 4, 
41, 43, 48, 49; 50, 55, 57, 63. 


Connecticut, 


Fire-clay, 4, 15, 20, 51. 
Fistulina, 3, 54, 55. 


_ Flagellata, 2, 19. 


Flammula, 3, 19, 44. 
Flint clays, 4, 30, 42. 
Floating ice, stones carried by, 
4, 28. 
Flood plain, 4, 19, 28. 
Fluxes, effect of, on fusibility of 
clays, 4, 48, 50. 
in brick clays, 4, 54, 61. 
in kaolin, 4, 51, 57. 
in slip clays, 4, 55. 
in vitrifying clays, 4, 53. 
ratio of, to density, 4, 43. 
Fluxing agent, alkalies as, 4, 36. 
iron as, 4, 33. 
lime as, 4, 34. 
titanic oxide as, 4, 37. 
Fomes, 3, 55, 63. 
Fresh-water Protozoa of Con- 
necticut, 2. 
Front brick, manufacture of, 4, 
79. 
Frontonia, 2, 41, 47. ; 
Frost, effect of, on green brick, 


4, 83. 
Fuel for burning brick, 4, 84. 
Fuller’s earth, 4, 56. 
Fungi, 3, 5. 

Fusibility factor, 4, 49. 
Fusibility of clays, 4, 48, 49, 50, 
51, 53, 55, 58, 62, 64. 

of kaolin from West Corn- 
wall, 4, 58. 
of silica, 4, 39. 
Galera, 3, 19, 45. 
Garnet in Connecticut brick 
clay, 4, 59, 60. 
Gas bubbles in burning clay, 4, 


49. 

Gastrostyla, 2, 57. 

Geological and Natural History 
Survey of Connecticut, 1. 

Geological history of Connecti- 
cut clays, 4, 22. 

Gerda, 2, 62. 

German clays imported, 4, 52. 

Glacial clay, 4, 18, 20, 57. 

Glacier, advance and retreat of, 


, 23. 
Glass, pares shipped for manu- 
facture of, 4, 72. 
Glass-pot clays, 4, 51, 52. 
Glaucoma, 2, 41, 49. 
Glaze from salt on stoneware, 
4, 89. 


6 CONNECTICUT GEOL. AND NAT. HIST. SURVEY. 


Glaze from slip. clay, 4, 55. 

Glaze on terra- cotta, 4, 54. 

Glenodinium, 2, 39. 

Gloeoporus, 3, 55, 61. 

Gloidium, 2, 12. 

Gomphidius, 3, 20, 51. 

Gonium, 2, 34. 

Gonostomum, 2, 24, 57. 

Grain of fire-clays. See Fine- 
ness of grain. 

Granby, 4, I5. 

Granite, 4, 17, 18, 69. 

Gravel deposits in lake basins, 
4, 23, 24, 26, 28, 70. 

Green bricks in kiln, 4, 83. 

Gregory, H. E., 1, 10, II, 4, 7. 

Grinding, effect of, on plastic- 
ity of clays, 4, 44, 45. 

required by china clays, 4, 


51. 
Grog, clay tempered with, 4, 46, 
75 76. 
Gromia, 2, 13. 
Gymnodinium, 2, 39. 
Gymnophrys, 2, II. 
Gypsum, composition of, 4, 40. 
plasticity of, 4, 45, 46. 
Hacking brick, 4, 82 
Hemotococcus, 2, 33. 
Halteria, 2, 57, 02. 
Halts of retreating glacier, 4, 23. 
Hanmer, C. C., 3, 5. 
Hardpan, 4, 12, 18. 
Hartford, brick-yards in vicinity 
of, 4, 77. 
clay at, 4, II, 25. - 
Heleopera, 2, 13. 
Heliozoa, 2, 11, 17. 
Hematite, composition of, 4, 31, 


40. 

mixed with clay, 4, 61. 
Hemidinium, 2, 39. 
Heteromastigoda, 2, 19, 29. 
Heteronema, 2, 30, 32. 
Heterophrys, 2, 17. 
Heterotricha, 2, 30, 53. 
Hexamitus, 2, 33, 36. 
Hirmidium, 2, 38. 
Histo, 2, 57, 60. 
Hobbs, W H., 4, 7. 
Hog-backs, 4, 19. 
Hollow brick, manufacture of, 4, 


79. 
Holophrya, 2, 40, 43. 
Holosticha, 2, 57, 60. 
Holotricha, 2, 39. 
Holyoke, Mass., 4, 11, 23, 25. 


Homogeneity of clay, 4, 41, 42, 
6: 


2. 
Hornblende, 4, 17, 31. 
Hudson Bay, source of conti- 
nental glacier near, 4, I9. 
Hyalosphenia, 2, 12. 
Hydnacee, 3, 67. 
key to the genera of, 3, 67. 
Hydnum, 3, 67, 68. 
Hydraulic method of mining, 4, 
71. 
Hydrous minerals, water in, 4, 


38. 
Hygrophorus, 3, 18, 34. 
Hygroscopic water in clay, 4, 37. 
Hymeniales, key to the families 
of, 3, 12. 
Hymeniales of Connecticut, 3. 
Hymenochete, 3, 70, 71. 
Hypholoma, 3, 19, 49. 
Hypochnacee, 3, 12, 75. 
Ice, stones carried by, 4, 28. 
stranded blocks of, 4, 23. 
Ice front, waters rising from, 4, 
24, 26. 
Ice sheet, advance and retreat 
of, 4, 23. 
final retreat of, 4, 28. 
readvance of, 4, 26. 
work of, 4, 19. 

Ilmenite, composition of, 4, 40. 
Impurities in clays, 4, 20, 31, 35, 
42, 47, 49, 50, 53, 61 
Included water in clay, 4, 43, 46. 
Interlocking character of clay 

particles, 4, 44. 
Iron, as fluxing agent in clay, 4, 
33. 
coloring effect of, neutral- 
ized by lime and mag- 
nesia, 4, 34. 
effect of, in brick clays, 4, 
54, 61, 65. 
in Glacial clays, 4, 29. 
in kaolin, 4, 29, 58. 
in refractory clay, 4, 35. 
in slip clay, 4, 55. 
in stoneware clays, 4, 52. 
in vitrifying clays, 4, 53. 
red oxide of, in rock resi- 
due, 4, 1 
Iron carbonate in clay, 4, 33. 
Iron compounds, influence of, 
on clay, 4, 31. 
Tron silicate in burned clay, 4, 
33. 
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Tron sulphate, 4, 33, 34. 

Iron sulphide, 4 oN ai 

Irpex, 3, 67. 

Isomastigoda, 2, 20, 32. 

Joints in clay, 4, 27, 41, 62. 
Kames, formed at ice halts, 4, 


23. 
Kaolin, absence of, in eastern 
highlands of Connecticut, 
4, 23. 
analyses of, 4, 52. 
composition of, 4, 40. 
deposits of, in Connecticut, 


415. 
fusing point of, 4, 31. 
hardness of, 4, 41. 
homogeneity of, 4, 42. 
in clay, 4, 16. 
in New England, conditions 
for finding, 4, 69: 
limonite with, 4, 32. 
mining of, 4, 71. 

Kaolin of West Cornwall, com- 
position and properties of, 
4, 30, 31, 57. a 

places to which it is 
shipped, 4, 71. 


specific gravity of, 4, 42. a 
structure of, 4, 41. 
Kaolinization of crystalline 


rocks, 4, 22. 
Kauffman, C. H., 3, 6. 
Kent, Conn., 4, 15. 
Kerona, 2, 56. 

Ketch Brook, 4, 13. 
Kilns, scove, 4, 83. 
up-and-down draft, 4, 85. 
King’s Island, 4, II, 12. 
Kirchner, O., 2, 8. 
Lachnocladium, 3, 73, 74. 
Lacrymaria, 2, 40, 45. 
Lactarius, 3, 18, 20. 


Lacustrine clays, 4, 20, 57, 58). 
6 


2. 

Lagenophrys, 2, 63. 

Lake at Berlin, Middletown, and 

Cromwell, 4, 24. 

Lakes, cause of temporary, 4, 23. 
clays formed in, 4, 70. 
draining of, 4, 28. 

Lamination of clay, 4, 26. 

Lancaster, Penn., 4, 78. 

Lantern Hill, quartz produced 

at, 4, 72. 

Lean clay, 4, 47; 75- 

Lecquereusia, 2, 13, 15- 

Lecythium, 2, 13. 


Leidy, Joseph, 2,.5. 
Lembadion, 2, 42, 50. 
Lentinus, 3, 18; 38. 
Lenzites, 3, 18, 37. 
Lepiota, 3, 17, 23. 
Lepocinclis, 2, 25, 27. 
Leptomonas, 2, 21, 23. 
Leptonia, 3, 19, 46. 
Leucophrys, 2, 40. 
Lieberkuhnia, 2, 13. 
Lime, effect of, on fusibility of 


clay, 4, 35, 48. 
effect of, on shrinkage of 
clay, 4, 36. 


in clay concretions, 4, 27. 

in Connecticut brick clays, 
4,50, 60, 61. 

in Glacial clays, 4, 29. 

in refractory clays, 4, 35. 

in slip clays, 4, 55. 

in vitrifying clays, 4, 53. 

in yellow and buff brick, 4, 


4. ; 
influence of, in clay, 4, 34. 
reactions of, with silica and 

sulphuric acid, 4, 34. 

Lime carbonate, behavior of, 

during burning of clay, 4, 
34. . 
in slip clay, 4, 65. 
in underburned brick, 4, 35. 

Limestone, clay in, 4, 18. 
regions of, 4, 34. 

Limonite, composition of, 4, 40. 
from oxidation of pyrite, 4, 


34. 
mode of occurrence in clay, 
4, 32. 

water in, 4, 38. 
Lionotus, 2, 42, 51. 
Litchfield County, 4, 15. 
Lithia in clay, 4, 36. 
Loam, clay tempered with, 4, 75. 
Loess, 4, 21, 55- 
Long Island, 4, 19, 23, 87. 
Loughlin, G. F., 1, 11, 4. 
Loxodes, 2, 42, 52. 
Loxophyllum, 2, 41, 46. 
Mean carbonate of, 4, 36, 


5. 

effect of, on fusibility of 
clay, 4, 48. 

in Connecticut clays, 4, 59, 
60, 61. 

in Glacial clays, 4, 20. 

in refractory clays, 4, 35. 

in slip clay, 4, 55. 
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Magnesia, in vitrifying clays, 4, 
53- 
in yellow and buff brick, 4, 


54. 
Magnetite, 4, 31, 40. 
Mallomonas, 2, 21, 24. 
Manufacture of brick, 4, 73. 
Manufacture of earthenware, 4, 


Manufacture of fire-brick, 4, 34, 


7. 
Manufacture of paper, 
used for, 4, 52. 
Manufacture of stoneware, 4, 
34, 89. . 
Manufacturers of brick, 4, 92. 
Manufacturers of pottery, 4, 93. 
Marasmius, 3, 17, 25. 
Marcasite, 4, 33, 40. 
Marine clays, 4, 20. 
Maryna, 2, 39. 
Massachusetts, gravel deposits 
in, 4,23. | 
retreat of ice into, 4, 24. 
till in Connecticut derived 
from, 4, 23, 25. 
Mastigameceba, 2, 20, 21. 
Mastigophora, 2, II, 19. 
Maywood, N. Y., 4, 71. 
Melanterite in clay, 4, 33. 
Menoidium, 2, 25, 28. 
Merulius, 3, 55, 62. 
Mesodinium, 2, 42, SI. 
Metanema, 2, 30, 31. 
Metopus, 2, 53, 54. 
Mica, alteration of, 4, 17. 
alumina in, 4, 31. 
as source of alkalies in clay, 


clays 


4, 30. 

composition of, 4, 40. 

in Connecticut brick clays, 
4, 59, 60. 

in West Cornwall kaolin, 4, 


58. 
plasticity of, 4, 45, 46. 

Microcometes, 2, 14. 
Microglena, 2, 24. 
Microgromia, 2, 14, 16. 
Microscopic: examination of 

Connecticut clays, 4, 59. 
Microthorax, 2, 41, 50. 
Middletown, becuias of clay 


at, 4, 24. 

exit of glacial water 
through, 4, 25. 

high gravel deposits at, 4, 
23. 


ice front at, 4, 24. 


Milldale clay area, 4, 14, 62. 
Milldale lake, draining of, 4, 
28. 
Minerals, in clay, 4, 39, 40. 
silica in, 4, 31. 
water in hydrous, 4, 38. 
Mining, hydraulic method of 4, 
71. 
of clay, 4, 41, 73. 
of feldspar and quartz, 4, 71. 
of kaolin, 4, 7I. 
Missouri clays, 4, 30, 43, 45, 48, 


53, 64. 

Molds, effect of shrinkage on 
size of, 4, 47. 

Monadina, 2, 19, 20. 

Monas, 2, 21, 22. 

Monobia, 2, V7. 


. Monosiga, 2, 38. 


Montowese, Conn., 4, 14. 
Muscovite, composition of, 4, 
40. 
Mycena, 3, 17, 28. 
Nassula, 2, 41, 47. 
Naucoria, 3, 19, 44. 
Nebela, 2, 13. 
Neovossia, 5, 30. 
Iowensis, 5, 30. 
Nephroselmis, 2, 33. 
New England, elevation of 4 
22. 
glaciation of, 4, 23. 
prospecting for clays in, 4, 


69, 70. 

New genera, 2, 40, 42, 52, 53, 
56, 58. 

New Hampshire, rock débris 
from, 4, 25. 


New Haven, 4, 14, 78. 
New Teey clays, 4, 30, 33, 37, 


87. 
New Milford, 4, 80. 
Newfield, analysis of clay from, 


_ 4 59, 60 
Newington, 4, 13, 25. 


» Nodules of lime carbonate in 


clay, 4, 35. 
Nodules of pyrite in clay, 4, 33. 
North Haven, 4, 14, 26, 59. 
North Stonington, 4, 72. 
Northern clay area of Connec- 
ticut, 4, II. 
Northern Glacial lake in Con- 
necticut valley, outlet of, 
4, 25. 
waters from, 4, 26. 
Notosolenus, 2, 20, 22. 


. 
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Nuclearia, 2, 17, 18, 

Nyctalis, 3, 18, 33. 

Ocliteapered agarics, key to, 
3, 18. 

Ochromonas, 2, 21, 33, 36. 

Odor of clay, 4, 41, 46, 63. 

Oikomonas, 2, 20, 22. 

Old Silex mine, 4, 72. 

Oligoclase, composition of, 4, 


40. 

Omphalia, 3, 18, 36. 
Onychodromus, 2, 57, 59. 
Opercularia, 2, 63, 65. 
Ophrydium, 2, 63. 
Ophryoglena, 2, 41, 47. 
Opisthodon, 2, 42. 
Organic matter, effect of, in 

_ , clay, 4, 32, 34, 38, 40, 47. 
Origin of clays, 4, 16, 22. 
Outlets of temporary lakes, 4, 


25. 

Oxidation of pyrite, 4, 34. 

Oxide of titanium in clay, 4, 37. 

Oxides of iron in Connecticut 
clays, 4, 61. 

Oxygen in formation of sul- 
phuric acid, 4, 33, 38. - 

Oxytricha, 2, 57, 59. 

Paleozoic eon, condition of 
Connecticut at close of, 


4, 22. 
Pallet, 4, 81, 82, 83. 
Pamphagus, 2, 13, 16. 
Panzolus, 3, 20, 52. 
Pandorina, 2, 34, 37. 
Panus, 3, 18, 38. 
Paper clays, 4, 52. 
Paramecium, 2, 41, 48. 
Parkville, 4, 12, 75. 
Paving brick, 4, 36, 51, 54, 65. 
Paxillus, 3, 18, 39. 
Peat overlying Quinnipiac clay, 


4, 14. 
Pebbles in clay, 4, 27, 63, 75. 
Peck, C. H., 3, 6. 
Pegmatite, 4, 17, 18, 69. 
Pelomyxa, 2, 12, 14. 
Peranema, 2, 25, 28. 
Percival, J. G., 1, 9. 
Peridinium, 2, 39. 
Peritricha, 2, 39, 62. 
Petalomonas, 2, 25. 
Phacotus, 2, 33. 
Phacus, 2, 25, 27. 
Phalansterium, 2, 38. 
Phascolodon, 2, 42. 
Pholerite, 4, 29. 


Pholiota, 3, 18, 41. 

Phyllomitus, 2, 29, 31. 

Physical methods for determin- 
ing fusibility of clay, 4,. 


49. 

Physical properties of clay, 4, 
41, 62. 

Pinaciophora, 2, 17. 

Pipe clay, 4, 51. 

Plagioclase, lime in, 4, 34. 

Plakopus, 2, 12. 

Plantsville, 4, 23, 24. 

Plastic Pi shrinkage in, 4, 


46. 
Plasticity, as property of clay, 
4, 44. 
cause of, 4, 37, 44. 
determined by feel, 4, 42. 
importance of, 4, 46. 
loss of, 4, 38. 
of Connecticut brick clays, 
4, 63. 
of earthenware clays, 4, 55. 
of kaolin, 4, 51, 58. 
of minerals in clay, 4, 39. 
of pressed-brick clays, 4, 


55: 
regulated by sand or grog, 
4, 30, 45, 46. 
Platoum, 2, 14. 
Platy structure of clay, 4, 38, 


44, 45. 
Platytrichotus, 2, 57, 59. 
Pleuromonas, 2, 30. 
Pleuronema, 2, 42, 50. 
Pleurotricha, 2, 57, 59. 
Pleurotus, 3, 18, 32. 
Plowing, mining by, 4, 62, 73. 
Podophrya, 2, 65, 66. 
Polygonal blocks 
clay, 4, 41. 

Polyporacez 3, 12, 53. 

key to the genera of, 3, 54. 
Polyporus, 3, 55, 65. 
Polystictus, 3, 55, 64. 
Polytoma, 2, 32, 35. 
Pompholyxophrys, 2, 17. 
Porcelain clay, 4, 15, 51. 
Potash, 4, 17, 30, 33, 36, 37. 
Potassium sulphate, 4, 40. 
Poteriodendron, 2, 20. 
Prantl, K., 3, 12. 

Pressed brick, 4, 55, 80. 
Pressure, effect of, on included 
water in clay, 4, 43. 

Prorodon, 2, 40, 45. 
Prospecting, 4, 69, 70. 
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Protameceba, 2, 12. 
Protospongia, 2, 38. 
Protoxide of iron, 4, 31, 32. 
Protozoa, classification of 2, 11. 
Protozoa of Connecticut, 2. 
Psathyrella, 3, 20, 52. 
Pseudochlamys, 2, 12. 
Pseudodifflugia, 2, 13. 
Psilocybe, 3, 19, 50. 
Psilotricha, 2, 57. 
Pug-mill, 4, 75, 76. 

Pyrite in clay, 4, 33, 34, 40. 
Pyrometers, 4, 49. 
Pyroxene, 4, 31. 
Pyxidicula, 2, 12, 
Pyxidium, 2, 63, 64. 
‘Quadrula, 2, 13, 15. 


Quartz, addition of, to china 
clays, 4, 51. 
behavior of, on heating, 4, 
30. 


composition of, 4, 40. 

effect of, on density of clay, 
4, 42. 

hardness of, 4, 42. 

in kaolin, 4, 29. : 

in kaolin of West Cornwall, 
4, 57. 

in rock residue, 4, 16. 

influence of, on shrinkage 
of clay, 4, 30. 

mining of, in- Connecticut, 
4, 71, 72. . 

specific gravity of, 4, 42. 

tendency to prevent warp- 
ing and cracking of clay, 


4, 30. 
Quartz flour, in Connecticut 
clays, 4, 60, 61. 
plasticity of, 4, 46. 
‘Quartz sand, in clay, 4, 39. 
‘Quartzite, glacial bowlders of, 


4; 23. ’ 
residuum of feldspathic, 4, 


57- 
‘Quartzose character of Connec- 
ticut clays, 4, 62. 
Quaternary age, 4, 18. 
‘Quicklime produced from clay 
_ , dogs, 4, 35. 
Quicksand in clay, 4, 13, 26, 62. 
Quinnipiac clay area, 4, 14, 62. 
Quinnipiac estuary, 4, 24. 
‘Quinnipiac valley, 4, 24.° 
Rain water, action of, on rocks, 
_ 4 I7. 
in cities, 4, 35. 


LJ . 
Raritan River, clays from, 4, 87. 
Rational analyses of Connecti~ 
cut clays, 4, 52, 60. 
Reactions in burning clay, 4, 49. 
Readvance of ice sheet, 4, 26. 
Red clays, for pressed brick, 4, 


55. : 
Refractoriness af clay, influence 
of density and fineness 


on, 4, 43. 
numerical value for, 4, 49. 
Refractory clays, effect of 


alkalies on, 4, 36. 
effect of iron on, 4, 33. 
effect of lime and magnesia 
on, 4, 35- 
grinding of, 4, 43. 
temperature withstood by, 


_. 4 31 
Residual clays, 4, 16, 17, 69. 
Residual kaolin of Connecticut, 


4 57. 
Retreat of ice-sheet, 4, 23, 24, 28. 
Rhabdomonas, 2, 25. 
Rhabdostyla, 2, 63, 64. 
Rhaphidiophrys, 2, 17, 18. 
Rhipidodendron, 2, 34. 
Rhizopoda, 2, IT. 
Rhyncheta, 2, 65. 
Rhynchomonas, 2, 21, 23. 
Rice, W. N., 3, 7, ro. 
Rich clay, influence of quartz 
on, 4, 30. 
Richness of clay, shrinkage de- 
pendent on, 4, 37. 
River floods, clays formed by, 


_. 4 70. 
Robinson, H. H., 1, 11, 4, 7. 
Rock flour, 4, 19, 60. 
Rocks, decomposition of, 4, 16. 
Rocky Hill, destruction of lake 
barrier at, 4, 28. 
gravel deposits at, 4, 23. 
ice halt at, 4, 24, 25, 26. 
Rosy-spored agarics, key to, 3, 


19. 
-Russula, 3, 18, 31. 


Rutile, composition of, 4, 40. 
Saccardo, P. A., 3, 6 

Sage, J. H., 1, 12. 

Sagging of bricks, 4, 32, 48 
Salpingceca, 2, 38. 

Salt glaze, 4, 89. 

Salts, soluble, detection of, 4, 


46. 
in Connecticut brick clays, 
4, 63, 64. 
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Sand, absence of, at some clay 
pits, 4, 75. 
added to clays, 4, 54, 75. 
along lake margins, 4, 28. 
effect of, on plasticity of 
clay, 4, 45. 
for molding, 4, 8o. 
in clay areas, 4, 12, 13, 70, 
71. 
in Connecticut brick clay, 
4, 60. 
in laminated clay, 4, 41. 
Sandstone ridges near Clayton 
clay area, 4, 13. 
‘Sandy texture in clay, 4, 14. 
Sanitary ware, kaolin used for, 


4, 58. 

Scaling of dry clay, 4, 37. 
‘Schaller, W. T., 4, 58. 
‘Schist, bowlders of, 4, 23. 
Schizonella, 5, 25. ° 

melanogramma, 5, 25. 
Schizophyllum, 3, 18, 39. 
Scoriaceous vitrification, 4, 49. 
Scove kiln, 4, 83. 
Scyphidia, 2, 62. 
Seams in clay, 4, 27. ” 
Sebethe River, 4, 13, 24, 25. 
Sedimentary clays, structure of, 


4, 41. 
‘Sedimentary rocks, 4, 18, 69. 
Seger cones, 4, 49. 
Semiporcelain, kaolin used for, 

4, 58. 

Sesquioxide of iron, 4, 31, 32. 
Settling of clay, a cause of un- 

dulations, 4, 27. 
Settling-tanks, 4, 71. 

‘Sewer pipe, adaptability of Con- 

necticut clay for, 4, 65, 89. 
Sewer profiles, records from, 4, 


12. 
Shale, 4, 18, 20, 57, 75. 
Shepard, C. U., 4, 15. 


Sherman, Conn., 4, 15. 

Shore lines, 4, 24, 25. 

Siderite, composition of, 4, 40. 
influence of, in clay, 4, 33. 
occurrence of, 4, 31, 32, 34. 

Sidewalks, brick in, 4, 

Silica, fusing point of, 4, 31, 30. 
in Connecticut brick clays, 

4, 60, 63. 
in Glacial clays, 4, 29. 
in presence of free bases, 


. 4 Bt. i 
an mineral silicates, 4, 31. 


Silica, influence of, in'clay, 4, 30.. 
union of, with lime; 4, 34. 
Silicates, altered, 4, 31. — 
ferromagnesian, 4, 31. 
lime in, 4, 34, 59. 
of alumina, effect of potash; 
on, 4, 36. 
of iron in burned clay, 4, 
33) 34 
silica in, 4, 31. 
Slaking of clays, 4, 33, 34, 63. 
Slates, 4, 20, 30. 
Slaty cleavage in clay, 4, 26. 
Slip clays, 4, 55, 62, 65, 89 
Slips or faults in clay, 4, 27. 
Smuts of Connecticut, 5. 
Soaking of clay, 4, 37. 
Soda, 4, 17, 30, 30. 
Sodium carbonate, 4, 30. 
Sodium sulphate, 4, 40. 
Solenophrya, 2, 65. 
Solution of lime carbonate by 
rain water, 4, 35. 
Sorosporium, 5, 26. 
Everhartii, 5, 26. 
Syntherismez, 5, 27. 
South Cheshire, 4, 24. 
South Glastonbury, 4, 72. 
South Manchester, 4, 23. 
South Windsor, 4, II, 59. 
Spathidium, 2, 40, 44. 
Spatter, 4, 82. 
Specific gravity, influence of, on 
fusing point of clay, 4, 


49, 50. 

of Connecticut brick clays, 
4, 63. 

of fire-clays, 4, 52. 

of quartz, feldspar, and: 
kaolin, 4, 42. 


range of, in clays, 4, 43. 
Sphacelotheca, 5, 21. 
Hydropiperis, 5, 22. 
Sorghi, 5, 22. 
Spherastrum, 2, 17. 
Sphzrophrya, 2, 65. 
Sphenomonas, 2, 26, 29. 
Spiromonas, 2, 29, 31. 
Spirostomum, 2, 53, 55. 
Spondylomorum, 2, 34, 37. 
Spongomonas, 2, 34. 
Springfield, Mass., 4, II. 
Statistics of clay industries of 
Connecticut, 4, OI. 
State Geological and Natural: 
History Survey of Con+ 
necticut, 1. 
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Steam i burning clay, 4, 33, 37, 


38. 
Steam shovel, 4, 73. 
Steam-drying, 4, 82, 83. 

Stentor, 2, 54, 55. 

Stephanosphera, 2, 34. 

Stereum, 3, 70, 72. - 

Stichotricha, 2, 56, 58. 

Stokes, A. C., 2, 5. 

Stones in clay, elimination of, 

4, 75. 

Stoneware, glaze on, 4, 55. 
manufacture of, 4, 34, 89. 

Stoneware clays, 4, 51, 52, 53. 

Straw, clay mixed with, 4, 56. 

Strobilomyces, 3, 54, 56. 

Strombidium, 2, 57, 62. 

Strong clay, alternation of, with 

quicksand, 4, 62. 
definition of, 4, 44. 
influence of quartz on, 4, 30. 
mixed with lean, 4, 75. 

Stropharia, 3, 19, 49. 

Structure, of clay, 4, 41, 62. 
of kaolin, 4, 41. 
of non-plastic clays, 4, 44. 
platy, 4, 38, 44, 45, 46. 

Stylochrysalis, 2, 33. 

Stylonychia, 2, 57, 60. 

Subsidence of land, 4, 23, 24. 

Suctoria, 2, 11, 65. 

Sulphate of barium, 4, 35. 
of iron, 4, 33, 34. 
of lime, 4, 35. 

Sulphates, efflorescence of, 4, 38. 
formation of, 4, 33. 
soluble, 4, 35, 40. 
sulphur dioxide from, 4, 38. 

Sulphide of iron, 4, 33. 

Sulphides, sulphur dioxide from, 


4, 38. 
Sulphur balls, 4, 33. 
Sulphur dioxide, 4, 38. 
Sulphuric acid, 4, 33, 34, 38. 
Superficial clays, density of,. 4, 


43. 
Surface loam, clay tempered 
with, 4, 75. 
Swelled brick, 4, 37, 38, 49, 86. 
Syncrypta, 2, 34. 
Synura, 2, 34, 37. 
Taste of clay, 4, 46, 63. 
Taste of iron sulphate, 4, 34. 
Tempering of clay, 4, 75. 
Tensile strength of clays, 4, 44. 
Terminal moraine, 4, 69. 


Terraces in clay deposits, 4, 28, 


71. 
Terra-cotta clays, 4, 53, 54- 
Tetramitus, 2, 33. 
Tetraselmis, 2, 33. 
Thelephora, 3, 70. 
Thelephoracez, 3, 12, 69. 
key to the genera of, 3, 70. 
Thom, Charles, 3, 6. 
Thompsonville, 4, 11, 12. 
Tile, manufacture of, 4, 79. 
Till, 4, 18, 19, 23, 26, 57. 
Tilletia, 5, 28. 
Anthoxanthi, 5, 29. 
Maclagani, 5, 29. 
Tilletiacez, 5, 28. 
Tintinnidium, 2, 54. 
Tintinnus, 2, 54. 
Titanic oxide, 4, 30, 37. 
Tolyposporium, 5, 27. 
bullatum, 5, 28. 
Trachelius, 2, 40, 46. 
Trachelomonas, 2, 25, 27. 
Trachelophyllum, 2, 40, 45. 
Tracya, 5, 40. 
Lemne, 5, 40. 
Trametes, 3, 55, 61. 
Transported clays, 4, 18, 20, 70. 
Trap rock, 4, 13, 22, 23. 
Tree roots, undulations in clay 
caused by, 4, 27. 
Trenton, N. J., 4, 71. 
Trepomonas, 2, 32, 35. 
ee area of Connecticut, 4, 
26. 
Triassic era, 4, 22. 
Triassic trap, bowlders of, 4, 23. 
Trichodina, 2, 62, 63. 
Trichogaster, 2, 56. 
Tricholoma, 3, 17, 26. 
Trichomastix, 2, 33, 36. 
Trichophrya, 2, 65. 
Trinema, 2, 13. 
Trochilia, 2, 42. 
Trogia, 3, 18, 39. 
Tropidoscyphus, 2, 26. 
Underburned brick, lime car- 
bonate in, 4, 35. 
wearing of, 4, 85, 86. 
Underwood, L. M., 3, 5. 
Undulations in clay, 4, 13, 26, 27. 
Up-draft kiln, permanent, 4, 85. 
temporary, 4, 83. 
Urceolopsis, 2, 25. 
Urceolus, 2, 25, 28. 
Urnula, 2, 65. 
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Urocentrum, 2, 42, 51. 
Urocystis, 5, 31. 
Anemones, 5, 32. 
Cepulz, 5, 31. 
Hypoxyis, 5, 33. 
occulta, 5, 32. 
Uroglena, 2, 21, 23. 
Uroleptus, 2, 57, 50. 
Urostyla, 2, 56, 58. 
Urotricha, 2, 40, 43. 
Ustilaginacez, 5, 13. 
Ustilaginee of Connecticut, 5. 
Ustilago, 5, 13. 
anomala, 5, 20. 
Avene, 5, 16. 
Crameri, 5, 15. 
Crus-galli, 5, 19. 
Eriocauli, 5, 18. 
Hordei, 5, 15. 
levis, 5, I5. 
longissima, 5, 15. 
nuda, 5, 16. 
Oxalidis, 5, 20. 
Panici-glauci, 5, 17. 
perennans, 5, 16. 
Rabenhorstiana, 5, 17. 
spherogena, 5, 18. 
strieformis, 5, 19. 
utriculosa, 5, 21. 
Zee, 5, 19. 
Vaginicola, 2, 63. 
Vampyrella, 2, 17, 18. 
Vegetable matter in clay, 4, 38. 
Vegetation, effect of, on color 
of clay, 4, 20. 
Vermont, rock débris from, 4, 


25. 
Vertical brick machines, 4, 78. 
Vesicular texture in burned 


se IU a te 
Viscous fusion (vitrification), 4, 


49. 
Vitrification. See Fusion. 
Vitrified ware, clays for, 4, 36, 


53) 65. . 
Volatile constituents causing 
odor in clay, 4, 46. 

Volvaria, 3, 19, 45. 

Volvox, 2, 34. 

Vorticella, 2, 63. 

Wall tile, kaolin used for, 4, 58. 


Ware, vitrified, 4, 36. 

Warping of clay, 4, 30, 48, 54. 
Warren, C. H., 4, 7. 

Washing of clays, 4, 42, 44, 51. 
ee eens of clay for, 4, 


46. 
boiling point of, 4, 37. 
clays transported by, 4, 19. 
combined, 4, 33, 37, 38, 60. 
effect of, on plasticity of 
clay, 4, 44, 45. 
expulsion of, 4, 46. 
hygroscopic, 4, 37, 38, 46. 
included, 4, 37, 38, 43, 46. 
influence of, in clay, 4, 37. 
Waters carrying carbon dioxide, 
solvent action of, 4, 35. 
Waters issuing from ice-front, 
4, 24. : 
Water-smoking stage of burn- 
ing clay, 4, 37. 
Wauregan, Conn., 4, 15. 
Weathering of clay and shale, 


4, 75. 
Well borings, records from, 4, 


12. 
West Cornwall, 4, 15, 18, 22, 30, 
31, 57, 71. 
West Hartford, 4, 59, 60, 75. 
Wethersfield, 4, 11, 23, 24. 
Wheeler, H. A., 4, 36, 45, 49, 50, 
64, 84. 
White, E. A., 1, 11, 3. 
White-spored agarics, 
genera of, 3, 17. 
Wind, are deposited by, 4, 21, 
50. 
moisture removed by, 4, 46. 
Windsor Locks, 4, II. 
Wire-cut brick, 4, 80. 
Wood used for fuel in brick 
kilns, 4, 84. 
Woodbridge, N. J., 4, 87. 
Wrought iron, melting point of, 


key to 


4, 36. 
Yellow brick, 4, 51, 54. 
Zanesville, Ohio, 4, 71. 
Zeolites, composition of, 4, 40. 
Zoothamnium, 2, 63, 64. 
Zygoselmis, 2, 26. 


